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Impact and Control of the Range Crane Fly 
(Tipula simplex, Doane) in the Central Valley 
of California 
MARGARET J. HARTMAN AND C. LYNN THOMAS 

Abstract 

The larvae of the range crane fly (Tipuh simplex) are responsible 
for extensive damage to rangelrnd of the central valley of Califor- 
nia, but the damage occurs infrequently in years when there are 
extremely high densities. These outbreaks appear to be due to 
favorable climatic conditions during the early larval instars. Means 
of biological (including pheromone), mechanical, fue, and chemi- 
cal control are discussed. Early detection is a key in minimizing 
damage. 

The California annual rangeland provides substantial quantities 
of forage for cattle during fall, winter, and spring. Annual grasses 
and forbs dominate this range type. Vegetation starts growing with 
the advent of fall and winter tsrinc usruallv mntlwinrr hv _A_nril nr _ _ _ _ __, , ____ ___ .__~ 1, r--- -- 
May in some years. 

An event which coincides with the fall rain is the breaking of 
diapause and eventual hatching of the eggs of the range crane fly 
(Tipulu simplex Doane). The range crane fly is one of the most 
destructive species to rangeland in California (Essig 1958). It has a 
known California distribution from northern Santa Cruz County, 
north to Marin County, and east to Sacramento County. A second, 
discontinuous population is found in the Yokohl Valley of Tulare 
County (Alexander 1967). During the winter of 1977-78, a third 
~:___-r:_.._.._ <_-..,_r:..- __.^^ _..‘___1_~ :_ T-L_-_ #?-.._... -.l_:_l_ uIsC”IIIIn”“llS popurarlon was rec”r”eo m 1 enama Loumy, wnrcn 
was confirmed by the authors (Fig. I). Unconfirmed reports indi- 
cate that the range crane fly may also occur in Oregon, east of the 
Cascade Mountains. In California, the suitable habitat appears to 
be the unirrigated pastures of the central valley of California, 
below the oak-woodland zone. 

Crane fly larvae feed on decaying matter in the soil, cowpads 
which are at least one season old, and roots of range forage plants. 
Infrequently (about once every 6 years in Tulare County), the 
larvae reach such high concentrations that they destroy all forage, 
denude hills, and cause adverse effects on the watershed (Fig. 2). 
This condition has in the past been confused with localized 
overgrazing. Fig. 1. Runge of Tipula simplex in Cal~$orn~. 

The present paper reports on the effects of the range crane fly on 
rangeland in Tulare County, California, and possible control 
measures. 

The study area in Yokohl Valley is located approximately 11 km 
southeast of Exeter, California. Elevation ranges from 150 to 305 
m above sea level. Topography is rolling with many small drain- 
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ages dissecting the area. The overall study area is generally on 
level-to-gently sloping alluvial soils with the slope usually not 
exceeding 5 to 6%. 

Soils of the area are both alluvial and upland (Storie et al. 1940) 
derived dominantly from basic igneous parent material with the 
upper surfaces displaying slightly acidic qualities. 

Annual precipitation ranges from 304 mm to 633 mm with 85% 
occurring between November and April (State of California 
Department of Water Resources, 1955-60). The mean annual 
ambient temperature is 16O C with extremes ranging from 8” C to 
47O C (U.S. Weather Bureau, 1960-76). 

Four sites were studied. Two sites wem relatively flat, the third 
site was a hillside with a southern exposure, and the fourth was a 
hillside with a northern exposure. All sites have similar vegetation 



surface in response to orthodichloro-benzene (Barnes 1941). This 
is ineffective on the range crane fly. 

Results 

Density and Damage 
From year to year (1974-1977) and from pasture to pasture, 

crane fly density was recorded from 0 larvae/m2 to 300 larvae/ m2. 
During that time, there was no measurable effect on theamount of 
forage. However, when larvaldensityexceeded 3,0001arvae/m~,as 
it did in 1972 and 1973, the effect on the forage was devastating 
(Fig. 2). 

In the last outbreak in Tulare County (1972.73), 160 ha of 
rangeland were denuded. The yield of that rangeland was reduced 
the next year also, requiring reduction of the stocking rates and 
supplementation of forage. Considering the expense of attempted 
control by pesticide, decrease in the profits due to a decreased 
stocking rate, and increased expense due to the cost ofsupplemen- 
tal feed, we calculated that the loss for the 2 years was estimated at 
~90,000. 

types. Those species found on the study site during the first rains in 
September (usually I2 mm or less) were turkey mullein (Eremocar- 
pus serigerus Benth), blue curl (Trichosremo lanecolalum Benth.), 
and tarweed (Hemizonia kelloggii Greene). Second rains, in late 
October and early November, brought on the annual grass cover. 
This type was dominated by wild oats (Avenafnflm L.), but is 
closely rivaled by several Bromus species, chiefly foxtail chess 
(Bromus rubens L.), soft chess (B. mollis L.) and rip-gut brome (B. 
diandrus Roth). Forbs are of secondary importance, though the 
number of plants occurring in the area is large. From a grazing 
viewpoint, bur clover (Medicogopolymorpha L.) and filaree (Era- 
dium cicurarium (L) L’Her.) and E. botrys (Cm.) Bertol. are 
important constituents and furnish abundant forage. (Nomencla- 
ture used was that of Munz 1968.) 

The adults of the range crane fly emerge in late winter or early 
spring, dependingupon the winter temperature. Copulation occurs 
almost immediately, and may last for 24 hours. The eggs are laid 
within 3 days in the soil and immediately enter a dormant period 
(diapause). Diapause is broken by the onset of rain in September or 
October, but the embryos undergo a second dormancy period 
(quiescence), and finish development and hatch after the onset of 
the second series of rains (Hartman and Hynes 1977). 

The larvae have four instars. Late second instar, third, and 
fourth instar larvae have a clumped distribution, beingmuch more 
numerous under cowpads than in the grass. This is due in part to 
the action of a locomotory inhibiting pheromone (Hartman, et al. 
1978). 

The molt from larvae to pupa occurs during mid to late Febru- 
ary. All larvae pupate within 10 days of each other; adult erner- 
gence occurs in the field about 2 weeks afterthefirstpupaappears. 
Males emerge before females (Hartman and Hynes 1977). 

The technique used for sampling populations of the range crane 
fly required 3 estimates. Density of crane flies under cowpads (n = 
25) was estimated by counting numbers of larvae in and under the 
pads. Density of crane flies in grass was estimated by removing a 
known diameter circle of soil (n = 25) to a depth of two inchesand 
counting all the larvae m the grass and soil in the field. Density of 
the cowpads was estimated by nearest neighbor method. The popu- 
lation estimate was: 

density = a(b, 100) + c (100-b) where 
(100 ) a = density of crane flies in coapad 

b = density of cowpads 
e = density of crane flies in grass 

This technique appears to be cumbersome, but several other 
techniques which have provensuccessfulforestimatingdensitiesof 
other species of crane flies were attempted on this species with no 
success. At night the larvae of other crane flies come to the surface 
to feed (Wilkinson and MacCarthy 1967). but the larvae of the 
range crane fly do not. Tip& paludosa larvae will come to the 

Control Measures 
Biological Control 

Birds are the most visible biological control. Starlings (Sturnus 
vulgaris L.), red-winged blackbirds (Agelaiusphoeniceus (L), kill- 
deer (Choradrius vociferur L.), and long billed curlews (Numenius 
americanus Bechstem) are among the species that have been seen to 
eat the larvae of the range crane fly. The birds usually come 
through an infested area about the time that the larvaeare pupat- 
ing. All the birds feed on larvae in or under cowpads during 
nanoutbreak years, feeding either by poking their beaks through 
the cowpad or by flipping the cowpad and feeding on the larvae 
which are then exposed. Although both larvae and pupae are 
present under the cowpad, the birds were never observed eating 
pupae, only the larvae. 

Since cowpads only cover one percent of a field, and birds feed 
only on those larvae in or under cowpads, we feel that bird preda- 
tion is an ineffective means of population regulation. In addition, 
bird predation occurs at the time when the larvaeare pupating, and 
by then the crane flies have done their damage. 

We have not observed any larval deaths in the field or the 
laboratory that could be attributed to parasites or pathogens. A 
study done in England on the marsh cmne fly, found that viruses, 
microsporidia, and bacteria are found in larvae in the field, and arc 
lethal. Theyalsofound other parasites which did not kill the larvae, 
but did reduce their fecundity (Carter 1976). Introduced parasites 
or pathogens might prove effective means ofpopulation regulation 
in the future. 

Most insects have a self regulation system of population control. 
As the number of individuals increases and competition for food 
increases, the number of offspring which a female produces 
decreases. Eventually, the insect population comes into balance 
with its environment. 

In the range crane fly, we studied field captured females from a 
number of areas ranging in density from one per m2 to 800 per m2. 
A correlation coefficient was calculated to determine the relation- 
ship between the density of the femalesand the number ofeggslaid 
per female (Table I). It appears that crowding plays no part in 
regulating population numbers at low to moderate densities. 



Weather I. Total larvae in December averages 8.8 cm in outbreak years, 
In the laboratory, temperature, photoperiod, and moisture have 

~t.tict;~.Ilv rionifirnnt pffwtr nn thr hatrhinrr P,ICCPPI lHartman Y.U..“..~...., Y.b. . . . . _..I.. “..““.” _.. . .._ -‘-.---‘--D 1----11 \----------- 
and Hynes 1980). However, no correlation exists between years of 
high crane fly densities with years of weather favorable for 
hatching. 

Pheromones 
The only pheromone which has been isolated so far is a larval 

locomotory inhibitor (Hartman, et al. 1978). The only known way 
IL... ^ I_^^_^.^__. :-L:L:.-_ ^^_ L_ ..“_A ̂ ^ ^ “̂  ,r,,, :, :+-:r ,.*.. I.- Inat a r”r;“rrl”L”ry llllll”ll”l Gall UC; UWZ” aa d C”Lll‘“1 13 11 II C(II1 “G 
used to make a rapidly moving insect stay in an unfavorable 
environment, or stay in contact with a pesticide. The range crane 
fly larva is a slow moving insect, so the addition of a locomotory 
inhibitor to pesitcide will have little additional benefit. 

Irrigation 

and only 3.7 cm in nonoutbreak years. 
2 The average minimum temperature in November in outbreak _. _ ___ - ___~_ ___.._.___..__ .~~~~= 

years is 4. lo C and 5.3’ C in nonoutbreak years. 
3. The average precipitation in November is 3.1 cm in outbreak 

years, and 5.7 cm in nonoutbreak years. 
4. The average maximum temperature in December is 10.8” C in 

outbreak years and 12.4’C in nonoutbreak years. 
For Tulare County, we can be 85% sure that a range crane fly 

outbreak will occur if December’s rainfall is higher than average, 
minimum temperature in November is cooler than average, rainfall 
in November is below average, and maximum temperatures in 
December are below average. November and December are the 
months in which the early larval instars are found, which causes us 
to more strongly support our third possible hypothesis, that out- 
break years occur when there is a high survival of early larval 

The eggs have a very low survival rate if kept damp all summer, 
or if there is no natural drying period between the first and second 
rains (Hartman and Hynes 1980). Irrigation would climate the 
----- ---_ n.. -__LI_- I_.., AL_ ________ ._._..,A L_ ___l.:l.:.:..- range crane ,,y proLWxl, DUL mc crpcnSc WV”,” UC pr”Ul”rn*s. 

Sanitation 

instars. 

Recommendations for Timing of Control 
The most important aspect of control is that it is done early. As 

A possible means of control, suggested by ranchers, is to break 
the cowpads mechanically. Since the crane fly larvae aggregate 
under cowpads, this would destroy their preferred habitat, and 
should decrease their numbers. However the number of larvae 
inhabiting cowpads is roughly 10% of the total population. Break- 
ing up cowpads will affect a small proportion of the larvae, which 
could live equally well in the grass. In addition, these would be the 
same individuals which are presently destroyed by existing biologi- 
cal control measures. 

Fire 
Fire during the summer may affect the crane fly eggs. Although 

fire itself does not increase soil temperature where the eggs are 
located, the lack of straw in the field will increase the soil’s expo- 
sure to the sun and daily soil temperature will be higher in burnt 
CLlrl” *I.,.. :.. ..-I...,..+ CL.lrlr , nL,.m,,..... ~..:.-ln”M :“~:nnr~r *I.-+ ” 11GL”J 111a11 111 “ll”UlL.L 112;1W=. La”“.ar”rJ G”1cl~ilL.c IIIuIti=LLK.D L&I-L Q 
high temperature leads to lower egg survival (Hartman and Hynes 
1980). However, field tests are still needed to confirm the effective- 
ness of a slightly warmer soil on egg mortality. 

soon as forage crops have sprouted, begin checking under cow- 
pads. If there are large numbers of crane fly larvae under the 
cowpads, dig up several grassy areas measuring 0. I m* down to the 
roots and count the number of larvae in the sample. If there is an 
average of 200 larvae in each sample, you will have extensive 
damage in that field in that year. The sooner that the treatment is 
initiated after the crane fly larvae are observed in these densities, 
the less damage will be sustained. If the larvae are less than an inch 
in length, then they will continue to eat the forage for 3 to 4 weeks. 
If the control measures are delayed until the larvae are longer than 
an inch, or until damage to the forage is observable, then the larvae 
will probably continue to feed for only I to 2 weeks, and of course, 
control measures will be less effective in minimizing forage loss. If 
the environmental factors which signal an outbreak year are 
known in an area, as are presently known in Tulare County, early, 
more effective control operations can be initiated. Counties in the 
areas which have had outbreaks of range crane fly should test their 
own weather data for outbreak versus nonoutbreak years, and 
determine their own predictive weather factors. 

The loss of ground cover by fire, even if it were successful in 
reducing the number of crane fly eggs which hatch, has deleterious 
side effects. The range is more susceptible to soil erosion and the 
winter seedlings are more susceptible to frost. 

Chemical Control 
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Relationship of Relative Total Alkaloid Con- 
centration and Toxicity of Duncecap Lark- 
spur during Growth 
JOHN D. OLSEN 

Abstract 

The toxicity of dunceeap larkspur (De&hinium occident& 
Writ.) was measured by a mouse bioassay and correlated relative to 
total nltaloid concentration for 5 samples during one season of 
plant growth. The concentration coeftieient was -0.920 (standard 
error of estimate = 0.090) when this relationship was described by 
an exponential equation of the form Y = ab’, where Y equals the 
total alkaloid concentration and X equals the LDsa for mice. The 
values a and b were estimated tobe5.4lOnnd 0.978,respectively. It 
is predicted that over the entire growing season, toxicity of larks- 
pur measured by mouse bioassay will be better correlated with 
toxicity to cattle than will be the correlation of relative total 
slkatoid content and toxicity to cattle. 

Larkspur poisoning of cattle occurs frequently on mountain 
pastures of the western United States (James&al. 1980). Poisoned 
cattle appear clinically as having a neuro-muscular weakness syn- 
drome, with episodes of tremors and falling, terminating with 
respiratory arrest, ventricular fibrillation, or regurgitation, with 
aspiration asphyxiation (Olsen 1978a). Poisoned cattle are most 
often found dead, occasionally resting on their sternum with hind 
legs partially extended behind the animal. 

Larkspur plants are generally divided arbitrarily into low and 
tall groups. This study concerns the tall duncecap larkspur (De/- 
phinium occident& Wats.) which grows in Utah, Colorado. 
Wyoming, Montana, Idaho, Washington, and Nevada @wan 
1945) where it often causes significant numbers of cattle deaths 
each year. 

Toxicity of larkspur is due to alkaloids in the plant. It is known 
that relative total alkaloid concentration generally declines 
throughout the growing season and likewise, toxicity has been 
noted to decrease as the plant matures (Olsen 1978b); however, a 
quantitative relationship between toxicity and total alkaloid con- 
tent has not been established. A knowledge of the relationship 
would be helpful as a reference for both laboratory and range 
studies. 

This study correlates the relative total alkaloid content through 
the growing season of leaves and petioles with the toxicity of leaf 
and petiole extract as estimated by mouse bioassay. 

Methods 

The above-ground parts of duncecap larkspur plants were col- 
lected at approximately 2-week intervals during a single growing 
season. Forty individual plant stalks were carefully chosen for 
uniformity representing the predominant stage of growth in the 
larkspur community as judged by visual observation at each of 5 
sampling times. The plants were collected from semiopen areas in 
an aspen (Populus rremuloides) tree community on the Logan 

River drainage in northern Utah, about 2 miles south of the Idaho 
border. The collection site covered an area of about 0.2 hectare. 
The larkspur plants were generally growing in small groups with 
some individual plants scattered throughout the site. Only one 
stalk was removed from a plant clump at one sampling time and an 
attempt was made to avoid resampling of the same plant at subse- 
quent collection times. Immediately onreturn to the laboratory the 
leaves and attached petioles were separated from the stem and 
placed in a plant dryer. Each dried sample of combined leaves and 
petiales was ground, mixed, and divided into two aliquots. One 
plant aliquot was sampled forrelativetotalalkaloidcontent(Willi- 
ams and Cronin 1963). The other aliquot was extracted in 95% 
ethanol, filtered, and the filtrate was evaporated to dryness. The 
tar-like filtrate residue was then extracted with buffered saline, the 
resulting saline suspension was filtered (Olsen 1977), and the saline 
filtrate was subcutaneously injected into mice. 

The median lethal doses (LDso) for the leaf extracts were deter- 
mined using I20 h and fz progeny from Simonsen Swiss-Webster 
white mice.’ These mice had a mean body weight of 31.7gk 3.72 
s.d. After preliminary testing of toxicity of each sample, four 
dosages were chosen increasing in a geometric progression. Six 
mice were used for each dosage (total of 24 mice per sample) and 
the LIho was calculated according to the method of Weil (1952) 
from the mortality rate at 8 hours after injection. 



Results 

Plant Growth Stage 
Sample One: Individual plant stalks selected varied from 8 to 10 

inches in height (Fig. I). At this stage leaves and petiolescomprised 
84% of the dry weight of the sample. 

Sample Two: Plant stalks selected varied from 18 to 20 inches in 
height. The crown of the plant waspredominantlyleaves with each 
stem being relatively large and succulent (Fig. 2). Leaves and 
petioles comprised 78% of the sample dry weight. 

Somplr Three: Individual stalks selected varied from 30 to 40 
inches high, each having a very immature bud clusterabout I to 2 
I/2 inchea long (Fig. 3). Leaves and petioles comprised 5 1% of the 
sample dry weight. 

Sample Four; Plant stalks selected varied from 48 to 12 inches in 
height. The flowering racemes were about 3 to 8 inches long and 
contained mostly immature buds with only a slight amount of 
color in the most mature buds (Fig. 4). Leaves and petioles com- 
prised 35% of the dry weight of the sample. 

Sample Five: Stalks selected varied from 48 to 72 inches in 
height, each having a complement of green, turgid seed pods with 
occasional flowers at the top (Fig. 5). This particular plant sample 

had a lesser proportion of low basal leaves on each stalk because 
sheep had grazed through the ~011e~tion area and consumed most 
of the lower leaves. Leaves and petioles comprised 19% of the dry 
weight of the sample. 

Relative Total Alkaloid Content 
The percent total alkaloid content of the samples (Table 1) 

declined over the growing season in a slightly curvilinear fashion. 
The decline appeared to be relatively linear during the first 6 weeks, 
i.e., until the bud clusterbegantoelongate. Then the rateofdecline 
in relative alkaloid content of the leaves and petioles seemed to 
lessen as the plant further matured. 

Correlation of Relative Total Alkaloid Content and Toxicity 
The relationship between relative total alkaloid content and 

toxicity for mice is illustrated in Figure 6. The toxicity of each 
sample for mice apparently did not change at the same rate as that 
of the relative total alkaloid content. The relatively large change in 
relative total alkaloid content among samples 1, 2, and 3 was 
proportionately greater than the change in toxicity when com- 
pared with thechange noted amongsamples 3.4.and 5. Thus. the 



Table 1. Relative total alkaloid concentration of duncezap larkspur during 
growth’. 

Sample no. % total alkaloid 

I 5.26 
2 4.05 
3 2.60 
4 2.51 
5 I .60 

1Samples were collected at approximately 2-week intervals during a single growing 
season. See text for details. 

relationship of the data can be described by an exponential equa- 
tion of the form Y = ab’; where Y equals the relative total alkaloid 
concentration and X equals the extract L& for mice. The correla- 
tion coefficient for this exponential relationship was r = -0.920 
with a standard error of estimate of 0.090 (Palm and Hill 1974). 
The values of a and b were estimated to be 5.410 and 0.978, 
respectively. 

Discussion 
An exponential or curvilinear relationship between alkaloid 

content and toxicity was established by our study for duncecap 
larkspur. A similar relationship probably applies to most larkspur 
species when one considers what is known thus far about larkspur 
alkaloids. 

A particular species of larkspur usually contains a mixture of 
alkaloids (Keith and Pelletier 1970). Indeed, duncecap larkspur 
has been shown to contain at least 12 alkaloids (Mayo 1959). 
Furthermore, it is likely that the relative concentration (and abso- 
lute amount) of a particular alkaloid changes with the stage of 
growth (Kreps 1969); and the relative toxicity of each individual 
alkaloid can vary. So, one must keep in mind that the relative total 
alkaloid concentration is likely not to be the most suitable indica- 
tor of toxicity. 

The extrapolation of larkspur toxicity as measured by the mouse 
bioassay to that of larkspur toxicity for cattle is subject to reserva- 
tion at this time but some reasonable correlation can be expected, 
based on limited studies to date. It is our experience that the 
relative toxicity for cattle of different batches of extract from 
Delphinium barbeyi prepared in our laboratory for rumen infusion 
can generally be predicted by determining the toxicity of the 
extract for mice. Also, studies in our laboratory have shown large 
differences in toxicity of different collections ofduncecap larkspur 
as measured by mouse bioassay and these differences in toxicity 
were later confirmed by feeding studies to be about the same 
magnitude for sheep (Olsen 1979). The toxicity of larkspur for 
sheep can be related to toxicity for cattle (Olsen 1978a). 

The conclusion is made that if one knows the relative total 
alkaloid content of duncecap larkspur, the L& for mice can be 
approximated by use of the equation Y = ab’. Because of expected 
differences in toxicity and content of particular individual alka- 
loids found in different larkspur species, we would predict that 
over the entire growing season toxicity of larkspur measured by 
mouse bioassay will be better correlated with toxicity to cattle than 
will be the correlation of relative total alkaloid content and toxicity 
to cattle. 
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Fig. 6. Relationship of relative totalalkaloid content of Delphinium occi- 
dentale Wars. and (LD&for mice during a growing season. Each data 
point (X) represents rhe relationship of alkaloid content and toxicityfor 
each biweekly sample collected. The continuous curve was constructed 
from an exponential regression analysis of the data using the equation 
Y = ab”. where a = 5.410 and b = 0.978. 
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The Use of Regression Models to Predict Spa- 
tial Patterns of Cattle Behavior 
R.L. SENFT, L.R. RITTENHOUSE, AND R.G. WOODMANSEE 

Predictive models of cattle behavior were developed by applying 
multiple regression analysis to a body of behavior observations. 
Seven independent variables were required to describe the spatial 
patterns of three modes of behavior on an annual basis. Coeffi- 
cients of determination were 0.50,0.34,0.25, and 0.20 for grazing + 
travel, summer resting, winter resting, and bedding, respectively. 
Spatial patterns of each mode were predicted for a 125ha pasture, 
upon which a separate set of behavior observations had been made. 
Comparisons of observed and predicted patterns varied from a 
close fit for grazing to marginal for resting. Validation using the 
spatial pattern of fecal deposition, however, yielded a close flt. It 
was concluded that multiple regression models can be useful in 
predicting spatial patterns of livestock behavior and may have 
unexploited potential as both management and research tools. 

There is a virtual absence of truly predictive knowledge about 
the environmental factors which determine or influence spatial 
patterns of landscape use by domestic animals. This is unfortunate, 
because spatial behavior of free-roaming animals, such as cattle, 
potentially affects diet selection, nutrient intake, efficiency of for- 
age utilization, as well as the impact of management strategies as 
the landscape or ecosystem level. The capacity to understand and 
predict livestock spatial behavior, then, would be a potent tool for 
the management or study of extensive grazing systems. 

Attempts to develop models of cattle spatial use have encoun- 
tered the problem that many factors influence behavior at any 
given time and place. Some of these factors are permanent site 
features such as topography (Mueggler 1965, Cook 1966), water 
development (Valentine 1947, Lange 1969, Squires 1978), or plant 
community composition (Cook 1966, Clary et al. 1978). Other 
factors may be relatively shortlived climatic or seasonal events 
(Malechek and Smith 1976, Low et al. 1981). The existence of 
several simultaneously acting influences, which may vary from site 
to site, has made the sorting and documentation of individual 
factors difficult; the occurrence of ephemeral but powerful forces 
such as weather events has complicated the problem. 

Multiple regression analysis has been employed in the analysis of 
spatial patterns with mixed success (Mueggler 1965, Cook 1966, 
Lange 1969, Lange and Willcocks 1978, Clary et al. 1978). A 
variety of dependent variables have been studied, including extent 
of forage utilization (Cook 1966), density of sheep tracks (Lange 
1969), and density of animal excreta (Mueggler 1965). Independent 
variables have generally included such salient environmental ele- 
ments as slope, elevation, distance upslope, tree or shrub density, 
density of palatable plants or distance from water or salt (Cook 
1966, Clary et al. 1978, Mueggler 1965). The purpose of these 
studies was primarily descriptive, that is, to identify factors which 
contributed to the observed patterns. However, multiple regres- 
sion not only has the power to isolate sets of predictors from a field 
of variables but it can also derive quantitative relationships. This 

Authors are graduate student and professors, Department of Range Science, Colo- 
rado State Universitv. Fort Collins 80523. 

This research was kpported by NSF Grant No. DEB 7906009 and Colorado State 
University Experiment Station No. 2797. Data for plant community surveys were 
supplied by the Natural Resources Ecology Laboratory, Colorado State University, 
Fort Collins. 

Manuscript received July 9, 1982. 

JOURNAL OF RANGE MANAGEMENT 36(5). September 1483 

suggests that the resulting models can be used as predictive tools, to 
predict patterns of animal behavior on areas other than those from 
which equations were derived. To our knowledge this has never 
been done. 

It was our objective to (I) derive a series of predictive models of 
cattle spatial behavior, (2) use those models to predict behavior on 
a different site within the same vegetation type, and (3) evaluate the 
success of our predictions. 

Methods 

All data were collected on the USDA-ARS Central Plains 
Experimental Range in northeastern Colorado. Vegetation on this 
site (Jameson 1968) is dominated by blue grama [Bourelouugruci- 
lis (H.B.K.) Lag.] and buffalograss [Buchloe ducryloides (Nutt.) 
Engelm.]. Other important species include western wheatgrass 
(Agropyron smithii Rydb.),pricklypearcactus(Opuntiapolyacan- 
rho Haw.), and fringed sagewort (Artemesiufrigidu Willd.). 

Observations of cattle movements were made on two small 
paddocks, I1 ha and 22 ha, respectively, as part of the US/ IBP 
Grassland Biome Study during 1970-1973 (Dean and Rice 1974). 
In that study, cattle were followed on foot for one 24hour period 
each month. Two animals were maintained on the larger pasture 
and 3 to 6 were maintained on the smaller pasture. Locations of 
each herd were recorded on pasture maps every 30 minutes. Paths 
of travel between points were also recorded. The pasture maps 
were divided into 24 m by 24 m grid cells. Total observed time was 
recorded in each cell for three modes of behavior: (1) grazing -I- 
travel, (2) daytime resting, and (3) bedding (nighttime resting). 
Resting time was measured directly as the length of time that the 
herd remained stationary for more than one observation point. 
Grazing + travel time was measured indirectly as the length of all 
paths of movement through a grid cell. We used these data as a base 
for deriving predictive models of cattle spatial behavior. Data were 
analyzed using stepwise multiple regression. Data for independent 
variables were obtained from USGS topographic maps and plant 
community surveys conducted as part of the Grassland Biome 
Study. 

A 125-ha pasture adjacent to the small paddocks was designated 
for validation of the behavior models (Figure 1). As part of the 
validation process, fecal pat densities were mapped. In the late 
summer of 1979, a series of 34 north-south transects were run. Each 
transect was 3 m wide. The total number of fecal pats in 24-m 
segments of the transects were recorded. All fecal pats, regardless 
of age, were counted. A model of fecal deposition was developed to 
predict the spatial pattern of fecal pat densities on the validation 
pasture. It was assumed that fecal pat density on a given area would 
be proportional to time spent in that area (Lange and Willcocks 
1978). The three behavior models were weighted by the average 
amount of time spent per day in each activity. The sum of the 
weighted behavior models constituted the fecal deposition model. 

Results 

Structure of the Models 
Predictors were selected or rejected for inclusion in the models 
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Fig. 1. Topography of the 12.5&a validation pasture (IO-f1 contour inter- 
vaisj. .rhe stock watering point is indicated by an asterisk ci) ?%e square 
in the ten ter of the pasture is a permanent grazing exclosure. i’his area has 
a history of light to moderate stocking on a year-round basis. 

by the following criteria: 
(1) Correlation with the dependent behavior variable had to 
be statistically significant at the 0.001 level of probability. 
(2) Correlation with another independent variable in the 
model had to be at least one order of magnitude less than 
correlation with the dependent behavior variable. 
(3) Two-way and higher order interactions were not consi- 
dered. Thus, the effects of environmental factors had to be 
additive. 
(4) The predictor had to be interpretable in some biological, 
ecological or ethological sense. 

Nonlinear transformations (logarithmic, inverse, square) of poten- 
tial predictors were screened, as well as untransformed variables. 

Of over 60 independent variables screened, 7 were incorporated 
into the spatial behavior models(Table I). Patterns ofcattle behav- 
ior at the annual time-scale were largely determined by topogra- 
phic factors. With the exception of pricklypear cactus frequency, 
none of the vegetation variables tested entered the models. Coeffi- 
cients of determination were relatively low, but within the range of 
values found in previous studies (Cook 1966). 

Mathematical relationships among behavior and pasture char- 
acteristic variables were nonlinear (Table 1). Aspect, an important 
component of the resting models, appeared as the cosine of degrees 
deviation from northeast, the cooiest exposure. Preference for 
north- or south-facing slopes were controlled by the sign of the 
coefficient. The remaining pasture characteristic variablesappear- 
ed as simple hyperbolic or inverse terms: 

behavior time per grid = f (pasture characteristic variable) 

Or 

y=b.fb$+<+..+bx. 

where y is a behavior variable, xi is a pasture characteristic varia- 
ble, and bi is the regression coefficient and b, is a constant. 

Table 1. Significant predictors of behavior on the small pasturcs. 

Fig. 2. Pattern of grazing and travelpredicted by the regression model. l?te 
spatial distribution of grazing and travel lime is shown. Grazing and travel 
were combined because they could not be separated in the original data. 

Cactus frequency was linearly related to grazing +,travel and 
bedding.,The relationship in both cases was negative, implying 
avoidance or interference with those activities (Bement 1968) or 
perhaps a correlation with some other unmeasured site variable. 

Predicted Patterns of Behavior 
Figures 2 through 4 show spatial patterns of cattle behavior 

predicted by the regression models. Predicted grazing i- travel on 
the 12%ha validation pasture (Fig. 2) was concentrated in drain- 
ages, near fencelines, and around the watering area. Predicted 
summer and winter resting (Fig. 3) had complimentary patterns, 
with summer daytime resting occurring on cooi north-facing siopes 
and winter daytime resting occurring on warm south-facing slopes. 
Significant amounts of resting were predicted for fence corners 
year-round. Predicted bedding or nighttime resting (Figure 4) was 
concentrated along fencelines and in drainage bottoms. The pat- 
tern of predicted bedding resembled that of grazing + travel, but 
with less utilization of slopes. 

Validation 
The regression models were validated by two methods: (1) com- 

parison of breakdowns of predicted behavior with past observa- 
tions of cattle activities on the validation pastures, and (2) 
comparison of predicted fecal deposition against the observed 
pattern of fecal deposition on the validation pasture. 

For comparison with past observed behavior, the validation 
pasture was divided into four distinct terrain types (Table 2). 
Predicted grazing + travel closely approximated observed patterns 
(Schwartz 1977). Predicted resting, however, compared less favor- 
ably with observed. Both the summer and winter resting models 
underestimated use of the lowlands and overestimated use of 

Pasture characteristic 

Behavior 

Grazing + travel 
Summer resting 
Winter resting 
Beddine 

Distance from CWhlS 

Water Fence Corner Elev. Aspect freq. Slope f 

s* S s s 0.50 
s s S S 0.34 
s S S 0.25 

S S S S 0.20 
Functi&ral form in models I I I I 

Cos (X + k) X 
1 - - - - - - 

X X X X 

l S denotes a pasture variable statistically significant in predicting the distribution of a given behavior at the 0.001 level. 

X 
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Fig. 3. Seasonal parterns of daytime resting predicted by the regression 
model. (A) Resting was concentrated on north-facing slopes during the 
warmer months (May-October). (B) Cool season (November-April) rest- 
ing was concentrated on south-facing slopes. Since resting occurs on dis- 
crete sites, these maps are actually probability distributions of resting 
activity. 

south-facing slopes (Table 2). It was difficult to know if this was the 
fault of the models, the sparseness of the original derivation data, 
or the incompleteness of validation data. The seasonal resting 
models were derived fromdata sets containing 20 to 30 points each. 
The validation data on the other hand are incomplete in that 
observations for the coldest months, when use of the south-facing 
slopes should be maximal, were lacking. The validity of the 

Table 2. Comparisons of observed and predicted behavior. 

hoa . he&at-a“. year’ 

0 <’ 25-100 
%;$;<py 
j&E& l-25 m 100-150 

Fig. 4. Pattern of bedding (nighttime resting) predicted by the regression 
model. Nighttime resting was correlated with a dtflerent set offactors than 
akytime resting and thus had a dinerent distribution in space. No season- 
ality was detected for nighttime resting. 

bedding model could not be tested because observations of 
nighttime behavior were not available. 

Since the record of cattle activities on the validation pasture was 
complete, a second means of testing the behavior models was 
needed. The spatial pattern of fecal deposition (Figure 5) was 
chosen because it is a summation of the patterns of excretion 
associated with each of the separate behavior modes (Lange and 
Willcocks 1978). A simple model of fecal deposition was con- 
structed by weighting each of the behavior models according to the 
annual mean time spent per day in each activity. Cattle spent 
approximately 12,4, and 8 hours daily in grazing -I- travel, resting, 
and bedding, respectively. In order to weight the models, the 
coefficients in each had to be normalized so that the total number 
of hours summed over all grid cells for each behavior mode 
equalled an arbitrary number such a 100. The normalized predic- 
tion for each cell for each behavior mode was multiplied by the 
mean daily time expenditure for that mode. The predicted fecal 
deposition for a given cell was the sum of the weighted, normalized 
behavior predictions. The resulting expected pattern offecal depo- 
sition is shown in Figure Sb. Comparison of observed and pre- 
dicted fecal deposition in each terrain type on the validation 
pasture (Table 3) revealed a very close fit. 

Discussion 
The foregoing described an exercise in which a series of regres- 

sion models constructed, each model describing the spatial pattern 

Percent of activity 

Grazing + travel Summer resting Winter resting Bedding 

Terrain Ohs’ EXP Ohs’ Exp Ob? Rxp Obs’ Exp 
Ridgetop 7 7 9 13 5 5 - 5 
North-facing slope 14 16 46 41 0 4 - 9 
South-facing slope 13 15 3 13 21 51 - 4 
Lowland 66 63 42 33 74 40 - 82 

Chi-square) 0.8261 11.99 54.55 - 

lObserved behavior from Schwartz (1977). 
2Data for September-October only. 
Tabular value, 3 d.f., 0.01 level of probability = Il.34 
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Fig. 5. Validation of the spatial behavior models. (A) Distribution offecal 
pat densities measured on the validation pasture. (B) Pattern offecalpat 
densities predicted by the regression models. Each of the the behavior 
models was weighted by the average time spent doily in each activity. 7he 
sum of the time- weighted equations constituted thefecal excretion model. 

of a mode of cattle behavior of an annual or roughly seasonal time 
scale. When these models were used to extrapolate behavior to 
another pasture, the predictions closely corresponded to past 
observation of cattle activities or with artifacts (fecal pats) of past 
animal distribution. A question which arises from this exercise is 
how applicable are these models to a wider range of situations? 

One important mathematical property of the behavior models is 
boundlessness. Because of the mathematical form of each term, the 
models are theoretically independent of scale. The hyperbolic 
terms describing animal response. to certain topographic variables 
are asymptotic to a background level of activity represented by the 

Table 3. Comparison of observed and predicted fecal deposition. 

Fecal deposition (%) 
Terrain Obs ExP 

Ridgetop 4 6 
North-facing slope 20 16 
South-facing slope 17 16 
Lowland 59 62 
Chi-square’ 1.78 

ITabular value, 3 d.f., 0.01 level of probability = 1 I.34 

constant “b” in equation 1. The sinusoidal term describing animal 
utilization of different aspects necessarily varies within a narrow 
range. The linear term describing response to cactus frequency is 
constrained by the domain of the independent variable, which 
must lie between zero and 100%. Mathematically then, these mod- 
els can be applied to pastures of any size. 

It should be noted, however, that the effects of herd structure 
and social interactions upon spatial behavior are lacking in both 
the derivation data and the models. This allowed us to predict the 
interactions of a small group of cattle with the environment, but 
the models may lack realism for large herds, where social influen- 
ces on dispersion may be as important as environmental influences. 
Thus the introduction of a complex herd structure may require 
altered or more complicated mathematical descriptions of spatial 
use. Radical changes in stocking rate may alter spatial patterns of 
use, particularly for grazing, and would also require an altered 
model. It is not clear whether modifications would merely entail 
changing coefficients of predictors already in the model or if 
predictors would have to be added or subtracted. 

Since our models have been demonstrated to have some predic- 
tive value on a pasture other than the one used for their derivation, 
they are not bound by site. They probably are, however, vegetation 
type-specific and are perhaps even terrain-specific. Since regres- 
sion models tend to incorporate (and cattle seem to respond to) the 
most salient features of the local environment, a new set of equa- 
tions would have to be derived for a new vegetation type or an area 
with radically different topography. Similarly, if useful models are 
to be constructed, the area used to derive them must be representa- 
tive of the areas for which predictions are to be made. 

A limitation of the behavior models presented here is that, while 
they are fine-grained in space, they are coarse-grained in time. The 
broad time scale undoubtedly had an impact upon which descrip- 
tors entered the models. The influences of daily, monthly, and 
seasonal fluctuations in climate and vegetation dynamics may have 
cancelled, leaving only topographic variables. It is quite possible 
that on a monthly or seasonal time scale plant species variables 
would emerge as important descriptors of grazing. On a finer time 
frame, daily or weekly temperature variations could have an effect 
upon the selection of resting or bedding sites, as well. 

The broad time frame used in this exercise obscures another 
property of the regression models. Although they yield quantita- 
tive predictions of animal use of various locations, the models are 
best thought of as generating probability maps of animal use or 
location. This probabilistic property is seen more easily at a tine 
time frame, where animals would not be able to utilize the entire 
pasture in one time unit. A behavior map would then indicate areas 
most likely to be used. On an annual scale, however, reasonably 
accurate predictions of utilization can be obtained. 

One of the most exciting potential applications of regression 
models of livestock behavior is the mapping of expected patterns of 
utilization on a large scale. Behavior modeling might be used as a 
tool in assessing the availability of forage resources or their usabil- 
ity. Effects of range improvements on extensive areas could be 
predicted before they are implemented. Data requirements for 
such projects would be large, but much of it would be readily 
available in the form of topographic maps and vegetation surveys. 

Another potential application is the assessment of carrying 
capacity of lands to be managed. Figure 2 suggests that as little as 
3% of the pasture area received over 60% of cattle grazing use. If 
this is typical, then concepts of carrying capacity and utilization 
need to be defined around those areas that are actually utilized. 
Our regression models can identify those areas and provide esti- 
mates of extent of utilization, providing that intake and standing 
crop of the vegetation are known. However, since there may be an 
interaction between available herbage and degree of dispersion of 
cattle (Peterson and Woolfolk 1955, Dudzinski et al. 1982), grazing 
models would have to be derived at several stocking rates. It is 
probable that coefficients of some variables in the grazing model 
would change with animal density; at the highest densities, availa- 
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bility of forage would certainly be an important predictor of 
animal distribution. 

The pronounced differences in grazing preference for different 
areas suggest another application: the investigation of foraging 
strategies. Regression models of grazing behavior can implicate 
environmental factors by which animals select preferred feeding 
areas. At a finer time scale than that used here, vegetation variables 
would probabaly be included in the grazing model. This informa- 
tion, coupled with information about diets, could lead to insights 
about the way in which animais seiect piants species for consump- 
tion, and perhaps, about strategies of nutrient ingestion in a limit- 
ing environment. 
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State of Dry Matter and Nutrients in Soil- 
Plant Systems of Arizona Fescue and Moun- 
tain Muhly 
JAMES 0. KLEMMEDSON 

Abstract 

The state of dry matter, C, N, S and P for soil-plant systems of 
Arizona fescue and mountain muhly in the Arizona phte- 
bunchgrass community was determined as a first step to quantifi- 
cation of mineral cycles. These bunchgrass systems differed in 
stature, structure and accumuhttion of dry matter and nutrients, 
both on an absolute and per unit basal area basis for several 
components of the soil-plant systems. Dry matter/unit area was 
greater in fescue because of accumulation of standing dead vegeta- 
tion and litter; weight of live shoots was 18% less in fescue than 
muhly. All 4 nutrients were present in greater concentrations and 
amounts in fescue than in muhly biomass, but accumulation pat- 
terns and influence on soil differed among nutrients. The standing 
state data suggest more rapid loss of dry matter and nutrients from 
muhly than fescue during senescence and decomposition. 

The distribution and transfer of nutrients in trees and forest 
ecosystems has been of interest to researchers for some time, but 
similar investigations of grassland systems have been neglected 
(Rodin and Bazilevich 1967). The International Biological Pro- 
gram stimulated further interest in nutrient status and dynamics of 
ecosystems and attention was given to grasslands under this pro- 
gram. In particular, Bokhari and Singh (1975) examined the stand- 
ing state and cycling of nitrogen in prairie ecosystems, Paul (1976) 
studied the distribution of nitrogen in a Canadian grassland and 
several studies, mostly involving nitrogen, were undertaken under 
the US/IBP Grassland Biome to elucidate nutrient distribution 
and transfer in the grasslands of the Great Plains Region (Clark 
1977, Reuss and Innis 1977, Woodmansee et al. 1978). 

The author has studied the distribution and transferof nutrients 
in the soil-plant systems of Arizona pine forests (Klemmedson 
1975, 1976; Welch and Klemmedson 1975). This paper reports 
research undertaken to extend that work to grasslands associated 
with the pine forest. It specifically deals with two key bunchgrasses, 
Arizona fescue (Festuca arizonica) and mountain muhly (Muhlen- 
bergia montana), of the combined Arizona pine-bunchgrass com- 
munity. The specific purpose of this study was to determine the 
standing state of dry matter, carbon (C), nitrogen (N), sulfur (S), 
and phosphorus (P) in soil-plant systems of these bunchgrasses as a 
first step to quantification of mineral cycles for these species 
(Duvigneaud and Denaeyer-DeSmet 1970). 

Methods 

Description of Study Area 
The study area was a 2-ha grassy opening in the ponderosa pine 

forest on the south side of Wing Mountainabout 25 km northwest 
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of Flagstaff, Ariz. This is an area typical of the Southwest pine 
forest (Cooper 1961) that extends as a narrow strip for about 320 
km across central Arizona and into New Mexico. Topographi- 
cally, the region is a gentle plateau interspersed by cones of the San 
Francisco volcanic field (Cooley 1962). The study site is a level 
upland at about 2,280 m elevation. At Fort Valley Experimental 
Forest, about 8 km from the study site, mean annual precipitation 
is 57.4 cm and mean minimum and maximum temperatures are 
-32°C and 15.2oC, respectively (Schubert 1974). The Brolliar 
loam soil is derived from augite basalt and is classified as a Typic 
Argiboroll. 

Vegetation of the pine-bunchgrass community consists of a 
mosaic of even-aged ponderosa pine groups averaging about I/ 12 
ha in size interspersed with grassy openings usually about the same 
size, but frequently ranging up to several hectares. The two bunch- 
grasses involved in this study are among the most common grasses 
in the mountainous Southwest and Southern Rocky Mountains. 
They dominate grassy openings of the pine-bunchgrass community 
in the Southwest. Welch (1973) found these two bunchgrasses 
account for from 81 to 91% of the total herbage ingrassy openings, 
depending on soil parent material. Arizona fescue and mountain 
muhly produced 72 and 14% of the live herbagel respectively, on 
Welch’s site with soil derived from basalt. Seventeen other grasses 
and forbs comprised the remainder of the vegetation of the grassy 
openings. At the site for this study basal cover was 4.0 and 2.9% for 
fescue and muhly, respectively. 

Procedures 
A pool of 30 plants each of Arizona fescue and mountain muhly 

was selected from the ungrazed grassy opening in which the plants 
appeared vigorous. Range condition of the stand was judged to be 
good. Criteria for selection of plants were: (I) plants must be 
growing as individuals in an uncrowded position with at least 2 
plant diameters of distance separating potential sample plants 
from other plants, (2) trees or needlefall of adjacent pine stands 
should exert little or no influence and (3) size of plants should 
represent the size class range in the stand (i.e. about 4 to 13 cm 
average diameter). 

Fifteen plants were selected at random from the pool for each 
species for sampling of each species at its normal maturity date 
(Pearson 1967). The only sampling restriction applied was that all 
size classes were about equally represented. After measurement of 
plants (two basal diameters, height of the tallest leaf and the tallest 
infloresence), herbage was harvested at ground level and separated 
into seedheads, culms and leaves. The volume of soil in an imagi- 
nary cylinder directly beneath the plant constituted the “plant 
cylinder”; the volume between the boundary of the plant cylinder 
(edge of plant) and a vertically projected circle with twice the radius 
of the plant crown constituted the “open cylinder”(Fig. 1). Litter 
was collected from plant and open cylinders and bagged separ- 

lLive herbage production will vary from 600- 1800 kg/ ha, depending on precipitation. 
Phil R. Ogden, personal communication. 
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Fig. 1. l?xe soil-plant system with sampling scheme of soil kzyers depicted. 

ately. An east-west bisect 5 cm in width and of variable length, as 
determined by the diameter of the open cylinder, was established 
across the center of the plant crown and the surrounding open 
cylinder (Fig. 1). A pit, with vertical face exposing the south side of 
the bisect, was dug for sampling soil and roots. The 0- to 5-, 5-to 
15-, 15- to 30-, and 30- to 45-cm soil layers of the bisect were 
sampled individually and separated into portions associated with 
the plant and open cylinders (Fig. 1). Samples were immediately 
passed through 01% and then 0.32-cm screens to separate roots 
from soil. Root and soil samples from the open cylinder on either 
side of the plant cylinder were combined. Volumes of all soil 
samples were measured. 

Herbage, root, and litter samples were ovendried at 55’C, 
weighed and ground in a Wiley mill to pass a 40-mesh sieve. Soils 
were passed through a 2-mm sieve, oven dried and weighed, then 
ground in a Spex Mixer/ Mill to pass a lOO-mesh sieve for chemical 
analysis. Vegetal and soil samples were analyzed for organic car- 
bon (Allison et al. 1965) and sulfur (Tiedemann and Anderson 
1971) by dry combustion in a LECO high frequency,induction 
furnace. Nitrogen was determined by the macro-Kjeldahl method 
for soils and by semimicro Kjeldahl for vegetal samples (Bremner 
1965). Phosphorus was determined using the Vanado-molybdo- 
phosphoric yellow color method following NazC@ fusion of soils 
and dry ashing of vegetal samples (Jackson 1958, Chapman and 
Pratt 1961). 

Student’s f-test was used to test hypotheses of differences 
between species. Unless otherwise indicated the level of signifi- 
cance used was 60.05. 

Results 
This study was not designed to evaluate the trend in dry matter 

and nutrients over the course of senescence and decomposition. 
However, with the assumption that nutrient composition of bio- 
mass components does not vary greatly from year to year, gross 
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inferences about these processes are possible by examining 
amounts and concentrations of nutrients and dry matter in compo- 
nents of the soil-plant systems representing various stages in the 
senescence-decomposition process. 

Amount and Distribution of Dry Matter 
The dry matter differences between species shown in Table 1 

were expected. Nonetheless these comparisons are pertinent 
because of what differences in dry matter might suggest in terms of 
plant structure and function, or more specifically, what these 
differences might imply regarding decomposition and nutrient 
cycling regimes between the 2 species. 

The two species were similar in height, but Arizona fescue plants 
were about 50% larger than muhly in basal area. Fescue plants 
ranged in basal area from 5 1 to 172 cm* (2 = 96 cm*) while muhly 
plants ranged from 26 to 126cm* (n= 62cm*). Because of this basal 
area difference between species, the 2 soil-plant systems were ana- 
lyzed primarily on the basis of weight per unit area and percentage 
distribution among components of the soil-plant systems for 
meaningful comparisons. 

Average weight of total dry matter in the soil-plant system was 
226 g for fescue and 116 g for muhly plants (Table I). This large 
difference suggested significant ecological differences in structure 
or in fate of plant materials following senescence. Even when 
adjusted for basal area, dry matter of fescue plants exceeded that of 
muhly by 25% (2.26 vs 1.8 1 g/cm*). This difference was significant 
at the 60.10 level and indicated greater density of dry matter in 
fescue. This was visually noticeable from examination of plant 
crowns. 

Although the weight of dry matter (g/cm*) in the live standing 
crop of fescue and muhly was the same (Table 1), its contribution 
to total dry matter differed between species (30 vs 38%). Dry matter 
in roots* was significantly greater in fescue while dry matter in 
seedheads was greater in muhly. Weight of leaves and culms per 
unit area was similar. Weight of dead standing crop was signifi- 
cantly different between species only for culms (Table 1). Weight of 
the litter in the plant cylinder was similar between species, while 
weight of litter in the open cylinder was higher for fescue than for 
muhly. The trend of increasing differences in weight of dry matter 
between fescue and muhly from standing live to standing live to 
standing dead to litter suggests more rapid disappearance ofmuhly 
than fescue upon senescence. The values for percentage distribu- 
tion of dry matter between fescue and muhly for standing live 
shoots (22 vs 34%), standingdead(24vs2IB)and litter(46vs41%) 
also portray this disappearance pattern. 
Concentration of Nutrients 

The status of C, N, S, and P concentration in the soil-plant 
systems of fescue and muhly is portrayed in Figures 2 through 5. 
Because of space limitations, only leaves and culms of the standing 
crop, and litter and soil (excluding roots) of the plant cylinder are 
shown. The data shown in these figures portray changes in nutrient 
concentration between biomass components and suggest the fate 
of nutrients in each system during senescence and decomposition. 

Carbon 
The stability in percentage C of fescue and muhly herbage 

observed by Welch (1980) over a IO-month period of senescence 
was confirmed by this study(Fig. 2). One-year-old senescent leaves 
were only slightly lower (4-570) in C than that in live leaves; C in 
dead culms was slightly higher (2-4%). The litter component, 
representing both leaves and culms, was decidedly lower in C 
concentration than standing dead leaves or culms. The values for 
percentage difference in C concentration shown in the upper 
corner of Figure 2 portray larger differences of C between leaves 
and culms of muhly than between those of fescue during the 
transition from standing dead to litter. Moreover, a large differ- 
ence in C percentage is noted between the litter and the 0- to 5-cm 
soil layer. Fescue appears not only to lose C less rapidly from 
ZWeights of root arc acknowkdged to be low, cspccially for muhly, despite sieving soil 
for roots during field collection. This is primarily because of the restriction of area and 
depth of the sample. 
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T&k 1. Amount and distribution of dry matter in components of the soil-pknt systems of Arizona fescue rod mountain muhly. 

Component g/plant 

Arizona fescue 

g/cm2 % gl plant 

Significance level 
of difference 

Mountain muhly ’ between species 

g/cm2 % 
(g/cm2) 

Standing Crop 
Shoot 

Seedheads 
Leaves 
Culms 

Subtotal 

4.4f 1.5 
37.3f 6.1 
7.5 f 2.7 

49.2 f 8.8 

Roots 19.5 f 4.2 

Total Live 68.7 f 12.0 

0.04 f 0.01 
0.39 f 0.05 
0.07 f 0.02 
0.50 f 0.07 

0.20 f 0.03 

0.70 f 0.09 

Dead 
Leaves 
Culms 

Subtotal 

40.8f 9.1 0.39 f 0.06 
13.0f 3.4 0.12 f 0.03 
53.8 f 12.1 0.51 f 0.08 

Total Standing Crop 122.5 f 23.4 I.21 f 0.16 

Litter 
Plant cylinder 
Open cylinder 

Subtotal 

Total Dry Matter 

Mean Basal Area (cm2) 

40.0 f 8.6 
63.2 f 9.9 

103.2 f 14.1 

225.7 f 34.5 

96.0 

0.39 f 0.05 
0.66 f 0.09 
1.05 f 0.09 

2.26 f 0.18 

2.0 6.4f 1.3 
16.5 26.7 f 5.1 

0.01 
ns 
ns 
ns 

0.01 

ns 

0.1 I f 0.02 
0.41 f 0.05 
0.10 f 0.01 
0.61 f 0.08 

0.08 f 0.01 

0.69 f 0.08 

0.32 f 0.05 
0.04 f 0.01 
0.36 f 0.06 

1.05 f 0.12 

0.36 f 0.05 
0.40 f 0.06 
0.76 zt 0.09 

1.81 f 0.19 

2z.z 
5:6 

34.0 

4.4 

38.4 

3.3 6.5 f 1.3 
21.8 39.6 f 7.2 

8.7 

30.5 

5.1 f 1.1 

44.7 f 8.0 

0.: 

ns 

ns 

21.9f 5.5 
2.6 f 0.7 

24.5 f 6.1 

69.2 f 13.1 

18.8 
2.2 

21.0 

59.4 

18.1 
5.7 

23.8 

54.3 

21.5 
19.1 -- 
40.6 

100.0 

0.: 
0.05 

0. IO 

25.0f 7.1 
22.3 f 3.3 
47.3 f 8.8 

116.5 f 21.3 

62.2 

17.7 
28.0 
45.7 

100.0 

biomass components than muhly, but it seems to maintain a gener- 
ally higher concentration of C than muhly after initial decay. Live 
leaves and culms, and dead leaves of muhly were higher in C than 
those parts of fescue. Carbon concentrations in the litter portion in 
both cylinders and soil of the 0- to 5cm layer of fescue systems 

were all significantly QKO.01) higher than those components in 
muhly. Although C percentage of litter in plant and open cylinders 
was similar for fescue, it was I/ 3 lower in the open cylinder (15%) 
of muhly than in the plant cylinder (22%). 

Nitrogen 
Soil-plant systems of Arizona fescue were clearly more concen- 

trated in N than those of mountain muhly and the differences were 
apparent in both plants and soil (Fig. 3). Seedheads and leaves 

1.6 

1.2 

a 

Oiff*r*nc* in C Concmwotion 

L*av*r Fescue Muhly 

Live to dead =-%--i- - 5 
Dead to litter - 25 - 43 
Live 10 litt*r -29 - 45 

Culmr 
Liv* lo dead + 4 + 2 
Dead 10 litter -35 -48 
Live to litt*r - 32 - 47 

- Biomass - - Soil . 
C/N ratio 

F.sru. ,.a”., 2. 41 30 ?I 17 14 I3 
cYI#ns 70 121 

Mvhly Ieores 4. 73 37 I9 16 14 13 
rulnlr 68 14* 

Fig. 3. Nitrogen percentage and C/N ratios for components of fescue (F) 
and muhly (M) soil-plant systems. Standing biomass is labeled for 
species and either leaves (L) or culms (C). 

n.mdi%s Litter O--5_ _ _ S-15 15-30 30-45 ____ cm_____----- 

- Biomass - Soil 
Fig. 2. Carbon percentage for components of fescue (F) and muhly (M) 

soil-plant systems. Standing biomass is labeled for species and either 
leaves (L) or culms (C). 
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(both live and dead) and litter differed in N between species;culms 
and roots did not. Every compartment of the soil except the S-to 
15-cm layer in the plant cylinder was significantly higher in N 
under fescue than under muhly. C/N ratios (Fig. 3) reflect the 
higher N concentration of fescue leaves and the high relative loss of 
N from both species during senescence. The enrichment of decom- 
posing litter with N following transition from standing dead leaves 
to litter was accompanied by a decline in the C/N ratio. This has 
been observed elsewhere (Bocock 1963, Tchagina et al. 1968, 
Klemmedson 1975). Although live fescue and muhly culms have 
about the same N and C concentrations, and hence C/N ratios 
(Fig. 3), N in muhly undergoes more marked change in the transi- 
tion from live to standing dead and then to litter than that in fescue. 
These changes were reflected in the C/N ratio. C/N ratios of muhly 
biomass components were consistently higher than those of fescue, 
but those of the soil were equal to those in fescue or lower. 

Suljkr 
The curves for concentration of S in fescue and muhly soil-plant 

systems (Fig. 4) are similar to those for N. They show significantly 
higher @<O.Ol) S percentages in fescue for standing live and dead 
leaves and for litter. In the soil, fescue and muhly systems differed 
in percentage S only in the 0- to S-cm layer of the plant cylinder; 
that difference was significant at 60. IO. 

The difference in S concentration between standing live and 
standing dead leaves (Fig. 4) was slightly greater in fescue than 
muhly. However, in the transition from standing dead to litter, S 
concentration remained static in fescue while declining 23% in 
muhly. The overall difference in S percentage between standing 
live leaves and litter was somewhat greater for muhly than for 
fescue (-44 vs -38%). Although the S concentration of fescue and 
muhly leaves (live and dead) did not differ (Fig. 4), the relative 
magnitude of S concentration was reversed in standing dead culms 
from that of standing live culms because of the higher loss of S in 
muhly than in fescue (-59 vs -39%) during senescence. Assuming 
the distribution of leaves and culms in the litter was comparable to 
that in the standing dead category (Table 1). the high S percentage 

.125 

.loc 

n 
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3 475 
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.026 

a 

“-\__ __“__ ~ 
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Fig. 4. Sulfur percentage and Cj S ratios for components offescue (F)and 
muhly (M) soil-plant systems. Standing biomass is labeled for species 
and either leaves (L) or culms (C). 

90 
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Fig. 5. Phosphorus percenrage and C/P ratios for components offescue 
(F) and muhly (IU) soil-plant systems. Standing biomass is labeledfor 
species and either leaves (L) or culms (C). 

of fescue litter is surprising. The C/S ratios for biomass compo- . 
nents in the muhly systems seem high, while those for the soil seem 
low. The magnitude of differences in C/S ratios between species, if 
significant for the soil layers, portrays a marked effect of each 
species on the soil in its soil-plant system. 

Phosphorus 
The status of P in fescue and muhly soil-plant systems shows 

similarities and differences with the other nutrients discussed. As 
for C, N, and S, fescue systems were generally higher in P than 
muhly systems (Fig. 5). Seedheads, live and senescent leaves, roots 
in the 0- to 15-cm layer, and litter and soil in the O-to 5-cm layer, 
both in the plant cylinder, were all higher in percentage P in fescue 
than in muhly systems. However, in contrast to the other nutrients, 
the difference in P concentration between live and dead standing 
crop and litter components (presumably reflecting change of P 
status during senescence and decomposition) were similar for the 
two species (Fig. 5, upper right). The low P status of muhly leaves is 
reflected in high C/P ratios. However, as in the case of S, the C/ P 
ratios narrowed markedly during decomposition and were lower in 
muhly than in fescue for the soil layers. The high status of P in soil 
layers of both systems compared to that of the biomass is 
noteworthy. 

N/S and N/P Ratios 
Except for recent dead shoots, the N/S ratios were constant 

among biomass components and did not differ among species 
(Table 2). However, soil under the two species differed in magni- 
tude of the N/ S ratio. The soil N/S ratio narrowed with increasing 
depth, but was narrower for muhly than for fescue. Kelly and 
Lambert (1972) found that although percentage N and Sin radiata 
pine may change as a function of plant part, location or season, the 
total N/organic S ratio remained constant at 33.3 (on a gram atom 
basis) and was related to the constancy of N and S in plant protein 
(total N/total S ratios ranged up to 25). Total N/total S values for 
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Table 2. N/S and N/P ratios for components of fescue and muldysoii plant- 
systeuL% 

N/S N/P 
Component Fescue Muhly Fescue Muhly 

Shoots 10.0 10.0 5.0 
Roots 10.0 10.0 4.: 5.3 
Recent Dead 7.7 7.7 617 6.7 
Litter 10.0 10.0 6.2 5.6 
Soil 

O-5 cm 12.5 9.1 2.4 I.5 
5-15 cm II.1 8.3 I.1 I.0 

15-30 cm 9.1 7.1 I.0 0.8 
30-45 cm 8.3 6.7 0.8 0.6 

fescue and muhly shoots were 23 and 2 I, respectively. Dijkshoorn 
and Van Wijk (1%7) obtained values ranging from 40 for legumes 
to 31 for grasses. 

N/P ratios were constant among shoots and roots and among 
species, but widened in dead shoots and litter (Table 2). In the soil, 
N/ P ratios narrowed appreciably and, as in the case of N/ S ratios, 
a species difference showed up with narrower N/P ratios under 
muhly than fescue. Thus, N, Sand P were differentially retained by 
the soil fractions of fescue and muhly soil-plant systems. 

Amounts of Nutrients 
Carbon 

Fescue soil-plant systems contained about 20% more C than 

muhly systems, most of which (70%) was in the soil (Table 3). But, 
soil under fescue and muhly differed in amount of C only in the O- 
to S-cm layer; this layer under fescue contained 37% more C than 
that under muhly. 

The pattern of differences in C between fescue and muhly for the 
total standing crop of the systems agrees closely with the pattern 
for dry matter (Table I). This was expected since carbon concen- 
tration by plant parts was similar between species. Amount of C in 
the total standing crop did not differ between species. However, it 
did differ in seedheads, roots in 0- to I S-cm layer and standing dead 
culms, the same categories that differed in dry matter. 

In the litter, a difference between species in amount of C 
occurred only in the open cylinder. But, the difference was large 
(3-fold) and associated with both dry matter (Table I) and concen- 
tration (Fig. 2) differences. Because of the large differences in C in 
the four components of the biotic system described above there was 
also a difference shown in C for the total ofthe biotic components. 

Nitrogen 
Per unit of basal area, fescue plants contained 19% more N in 

their soil-plant systems than muhly plants (Table 3). Most of this 
additional N (78%) showed up in the soil component, but differen- 
ces between species in amounts of soil N were significant only for 
the 0- to S-cm soil layer. Soil in this layer under fescue contained 
nearly 30% more N than the same soil layer under muhly. 

Although the total live standing crop of the two species did not 
differ in amount of N (Table 3), differences did show up for certain 
plant parts (i.e. seedheads, leaves, roots), in which case both plant 

Table 3. Weight (mg/cmz) basal area of carbon, nitrogen, sulfur, and phosphorus in plant-soil systems of Arizo~ fescue and mountain muhly. 

Component 

Carbon Nitrogen Sulfur Phosphorus 

Signiti- Signifi- Signifi- Signifi- 
cance cance cance cance 

Fescue Muhly level Fescue Muhly level Fescue Muhly level Fescue Muhly level 

I7 44 0.05 0.5 I.4 0.05 < 0.1 0.1 0.01 0.1 0.2 0.10 
I54 I66 ns 5.5 3.6 a 0.50 0.5 0.3 0.05 I.1 0.8 0.05 
28 42 ns 0.4 0.6 ns 0.1 0. I ns 0.1 0.2 ns 

199 252 ns 6.4 5.6 ns 0.6 0.5 ns 1.3 1.2 ns 

81 31 0.01 I.4 0.5 0.01 0.2 0.1 0.01 0.3 0.1 0.01 

280 283 ns 7.8 6.1 ns 0.8 0.6 ns 1.6 1.3 ns 

143 I24 
0.8’ 2.9 0.3 0.1 I.7 0.05 0.01 0.3 0.1 < 0.2 0.1 

0.05 0.4 0:3 0.05 
52 I8 0.01 < 0.1 < 0.1 0.01 

I95 142 ns 3.2 1.8 0.05 0.4 0.z 0.01 0.4 0.3 0.01 

475 425 ns II.0 7.9 0.10 I.2 0.8 0.05 2.0 I.6 0.10 

100 75 
192 58 0.:; 55 3.4 A 2.2 2.1 0.01 0.05 0.3 0.4 0.2 0.2 

0.01 0.5 0.4 
0.01 0.7 0.4 0.:; 

292 133 0.01 8.9 4.3 0.01 0.7 0.4 0.01 1.2 0.8 0.01 

768 558 0.05 19.9 12.2 0.05 I.9 1.2 0.01 3.2 2.4 0.05 

242 151 0.01 II.5 8.1 0.01 I.0 0.8 ns 5.1 5.6 ns 
754 581 0.05 38.1 30.4 0.05 3.2 3.3 ns 16.3 19.0 ns 

996 732 0.01 49.6 38.5 0.05 4.2 4. ns 21.4 24.6 ns 

898 862 ns 52.3 50.4 ns 4.8 6.1 0.05 45.7 48.9 ns 

857 137 ns 60.2 51.1 ns 6.5 7.3 ns 62.0 63.2 ns 

543 486 ns 41.2 36.0 ns 5.1 5.5 ns 50.9 58.6 ns 

3294 2817 0.10 203.3 176.0 0.10 20.6 23.0 ns 180.0 195.3 ns 

4062 3375 0.05 223.2 188.2 0.05 22.5 24.2 ns 183.2 197.7 *S 

Standing Crop 
Live 

Aboveground 
Seed heads 
Leaves 
Culms 

Subtotal 

Roots 

Total Live 

Recent Dead 
Leaves 
Culms 

Subtotal 

Total Standing Crop 

Litter 
Plant Cylinder 
Plant Cyclinder 

Subtotal 

Total of Biotic Components 

Soil 
O-5 cm layer, plant cylinder 
O-5 cm layer, open cylinder 

Subtotal 

5- 15 cm layer 

15-30 cm layer 

30-45 cm layer 

Total Soil 

Total for Soil-Plant Systems 
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TablIe 4. Percentage of total nutrients in aboveground standing crop, litter, and soil plus roots for fescue and mubly soil-phnt systems. 

Aboveground 
Standing Crop 

Litter 
Soil and Roots 

C N s P 

Fescue Muhly Fescue Muhly Fescue Muhly Fescue Muhly 

9.7 11.7 4.3 3.9 4.4 3.2 1.0 0.7 
7.2 3.9 4.0 2.3 3.4 1.4 0.6 0.4 

83.1 84.4 91.7 93.8 92.2 95.1 98.4 98.9 

structure (Table I) and nitrogen concentration (Fig. 3) played a 
part in the response. As suggested earlier, fescue systems contained 
higher amounts of N per unit of basal area in standing dead and 
litter components. Amount of N in the total biotic part of the 
system was also significantly higher in fescue than in muhly; this 
follows because of the heavy contribution of standing dead and 
litter components to the biotic fraction of the soil-plant system. 

Phosphorus 
For the entire soil-plant system, amount of P did not differ 

among species, nor did it differ among species for the soil compo- 
nent alone as was the case for N and C. P did differ between species 
for the total of biotic components (Table 3). Biotic components of 
fescue systems contained 40% more Pthan those in muhly systems. 
But this difference did not extend to all components. P differed in 
seedheads, leaves and roots of the 15 to 45-cm layer at thep<O. 10 
level and in roots of the 0- to 15cm at the 0.01% level (not shown in 
Table 2). In the standing dead, both leaves and culms of fescue 
contained more P than those of muhly. Only litter in the mulch 
cylinder differed in amount of P between species. Where differen- 
ces between species did occur, they were explained more by differ- 
ences in dry matter (Table I) than by differences in nutrient 
concentration (Fig. 5). 

Sulfur 

Although the 4 nutrients were present in fescue systems in 
greater concentration and amount than in muhly systems, the 
accumulation patterns differed among nutrients. Increased accum- 
ulation of S and P in fescue was largely restricted to biotic compo- 
nents and influenced the soil only in the O-to 5-cm layer. However, 
for N, increased accumulation extended throughout the fescue 
soil-plant system. Differences between species in N/S and N/ P 
ratios for soil are a manifestation of these differential accumula- 
tion patterns. Differences in organic C between the two systems 
resulted not from accumulation at higherconcentrations in the live 
tissue, but because of differences in retention of C during senes- 
cence and decomposition. 

Sulfur and P displayed similar patterns among species with 
respect to distribution of nutrients. Species did not differ in 
amount of S in the soil-plant system or in the soil component 
(Table 3). However, S for the total of the biotic components 
differed between species @<O.Ol). In components of the biotic 
system, differences were more marked for S than for P, especially 
in seedheads and leaves of standing crop and in the litter where 
fescue contained more S than muhly in both the plant and open 
cylinders. Depending on the component, both the amount of dry 
matter and the concentration of S contributed to differences in 
amount of S between species. 

If distribution of the 4 nutrients among the 3 most distinct 
compartments (aboveground standing crop, litter, and soil plus 
roots) is considered (Table 4), then the most marked difference 
between fescue and muhly systems was in the litter compartment. 
Here differences ranged from 50% for P to 242% for S. Thus, dry 
matter (Table I) and nutrients tend to accumulate in fescue litter. 
Differences are less pronounced in the standing crop and not 
apparent in the soil-root compartment. 

Results of this study suggest the following working hypothesis: 
that loss of dry matter and nutrients proceeds more slowly in 
soil-plant systems of Arizona fescue than those of mountain 
muhly. Because the C/N ratio is less favorable for decomposition 
in muhly than in fescue, it is hypothesized that translocation is 
largely responsible for N, Sand Plossesduring senescence. Several 
studies (Charley 1977, Clark 1977, Cole et al. 1977) have demon- 
strated the importance of translocation of elements in senescencing 
plants. Techniques similar to those used by Clark (1977) would be 
required to demonstrate the latter hypothesis. Physical arrange- 
ment of dry matter would seem to be an obvious factor influencing 
rate of disappearance of dry matter by decomposition in these 
systems, but other indices of organic matter quality not evaluated 
here, such as initial content of lignin, Ca and K (Van Cleve 1974) 
are possibly involved. 

Discussion and Summary 
Differences in the appearance and structure of Arizona fescue 

and mountain muhly were largely verified by the inventory of dry 
matter. Higher biomass values for most biotic components of 
fescue were taken for granted, given the greater basal area perplant 
for fescue. Moreover, the greater weight of dry matter per unit area 
for fescue was not unexpected. This confirmed the obvious higher 
density of dry matter in fescue that is readily noticeable even in 
casual field observations. Arizona fescue is characteristic of the 
genus Festucu in that culms and leaves are tightly packed in the 
crown of the plant. In contrast, the crowns of muhly plantsare not 
compacted. As manifested by dry matter analysis, the greater 
weight/unit area and density of the plant crown in fescue was at 
least in part attributable to accumulation of standing dead vegeta- 
tion and litter (Table I). Weight of the live shoot of fescue was 18% 
less per unit area than that of muhly. 
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The Suitability of Commercially Available 
Grass Species-for Revegetation of Montana 
Ski Area 
MARK J. BEHAN 

Abstract 

Subalpine areas that were disturbed by ski run construction and 
then seeded with commercially available grass seed from 2 to more 
than 10 years ago were examined at 6 Montana ski areas. Species 
adaptability to subalpine environments was estimated by compar- 
ing the species that had become established with those that had 
been seeded, as well as by presence. Special notice was made of 
species that had persisted for a decade or longer. Bromus inermis, 
Festuca ovina, F. rubra, Dactylis glomerata, Agropyron trachy- 
cauium, and A. dasystuchyum had become successfully estab- 
lished and were persistent in most areas. These species should 
establish successfully in similar subalpine habitats if seeded for 
erosion control and revegetation. 

The usual method of ski run construction involves clear-cutting 
a swath of trees about 25 m wide and 2 km or more in length, 
generally down the fall line of the slope. Heavy equipment then is 
often used to clear stumps, remove rock outcrops or smooth out 
depressions, and thus a mixed subsoil often replaces the top soil on 
the surface. Grasses are desirable for revegetation because they 
reduce the probability of tree seedling and shrub invasion by 
competition, provide forage for wildlife, are aesthetically accepta- 
ble, and provide a mulch that can cover ground irregularities, 
thereby allowing the ski area to open with minimal amounts of 
snow. 

Since ski areas are located in areas of high winter precipitation 
and subsequent heavy spring runoff, revegetation is generally 
attempted immediately following construction of the ski run in 
order to reduce erosion and gully formation. Immediate revegeta- 
tion of denuded areas is important because soil surfaces tend to 
become compacted over time, reducing the probability of success- 
ful seedling establishment without additional soil treatments such 
as drilling or surface scarification. 

The species of grass selected for ski run revegetation should be 
able to tolerate such adverse conditions as an often acid and low 
base saturation of former coniferous forest soils, a short growing 
season, cool days and especially cool nights, frost occurrence in 
every month and, in Montana, a drought from mid-summer to fall 
(Brown and Johnston 1979). At elevations of 2,300 m, grass see- 
dlings may grow only 2-4 cm during the first season even though 
height growth of the same species growing only 300-600 m lower in 
elevation may be several decimeters during the same time. Species 
that propagate by vegetative methods may have adaptive advan- 
tages since the season may be too short in many years to permit 
viable seed to form (Brown and Johnston 1979). 

Steen and Berg (1975) have prepared a bibliography which 
includes citations of grass species that have been used in alpine and 
subalpine rehabilitation efforts in the southern Rocky Mountains 
and in some other areas. Utzig et al. (1978) have listed a number of 
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grass seed mixtures for British Columbian forest habitat zones, 
including those in which ski areas occur. Brown and Johnston 
(1978) observed the establishment of several native grasses as well 
as Agropyron trachycaulum (slender wheatgrass), Dactylisglome- 
rata (orchard grass), Bromus inermis (smooth brome), Phleum 
pratense (timothy), Poa compressa (Canada bluegrass), Alopecu- 
rus pratensis (meadow foxtail), and Festuca arundinacea (tall 
fescue) for adaptability in the rehabilitation of a high elevation 
mining disturbance in Montana. Gomm (1974) summarized the 
results of over 80 seeding trials in nearly every habitat type in 
Montana, including subalpine forests, by descriptions of many 
species over several years. 

No consistency was detected in the prescriptions for grass seed 
mixtures for Montana ski areas. It was noted that the seed mix- 
tures applied were often augmented by seed from species in hay 
bales placed to cover such surface obstructions as rock outcrops. 
Seed introduced in hay bales or through accidental or natural 
means provided an important adapted species supplement to those 
species in the seed mixture being applied. 

The purpose of this study was to identify those grasses with 
commercially available seeds which have been established and 
persist in the subalpine environments of Montana ski areas. These 
observations may provide a basis for future recommendations for 
seed mixtures in similar habitats. 

Methods 

The 6-ski areas examined ranged in environment from the rela- 
tively low elevation but high precipitation Big Mountain Ski Area 
in the northwest part of Montana to the high elevation Red Lodge 
Ski Area in the south-central part of the state (Table I). Several 
runs were examined at each ski area by walking their lengths in 
zig-zag fashion and tabulating occurrence and frequency of grasses 
encountered. Runs with elevational changes of more than 300 mor 
with changing aspect were tabulated separately. Records were 
obtained, where available, of grasses that had been seeded on those 
runs examined. These grasses were identified using the terminol- 
ogy of Cronquist et al. (1977). They were ranked into the following 
qualitative categories of abundance: present if they occurred at all, 
common if specimens occurred frequently throughout the run 
being examined, and dominant if the species formed consistent 
cover over the run or those portions of it that appeared by surface 
soil characteristics (stoniness, texture, compaction) to provide a 
suitable seedbed or rooting medium. Elevational ranges, aspect, 
percent slope, forest habitat type (Pfister et al. 1977), and soil 
parent materials were determined. Soil pH, texture, cation 
exchange capacity, 0.3 and 15 bar soil water percentages, organic 
matter, exchangeable K, Ca and Mg, and bicarbonate extractable 
P were determined at the State Soils Laboratory, Montana State 
University, Bozeman. Vigor was estimated by height and size of the 
culms relative to the growth of that species at elevations of I500 m 
or less. 

Results and Discussion 

Elevational ranges, aspects, forest habitat types, and average 
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older grass stands appear to be providing sufficient competition to 
reduce the rate of invasion of trees and shrubs, although the 
mowing at Big Mountain probably contributes to this as well. 

Several species of grasses with commercially available seed have 
become successfully established without known seeding. These 
volunteers include thickspike wheatgrass (which occurred in sev- 
eral areas) as well as red and ldaho fescue. Canada bluegrass and 
smooth brome are important in the high elevation cover at Red 
Canada bluegrass may be successful in certain conditions; these 
are most prominent in and near hay bales that have been placed as 
padding over terrain obstacles. 

The absence of a particular species does not necessarily mean 
that it might not have been successful but rather that it may have 
been seeded only occasionally or never at all in the areas examined. 
In any case, smooth brome, orchard grass, timothy, slender and 
thickspike wheatgrasses, red, hard and Idaho fescues, Kentucky 
and Canada bluegrasses all appear to offer a high potential for 
successful establishment in the subalpine environments of 
Montana. 

The results of this study differ somewhat from those of Brown et 
al. (1978) who seeded and transplanted native and introduced 
species into a Montana alpine area disturbed by mining activity. 
Their study area was near the Red Lodge ski area that 1 examined, 
but about 250 m higher in elevation and, although both areas had 
similar soil parent material, the soil in their study had been altered 
by acidic mine waste water contaminated with heavy metals. 
Brown’s study found smooth bromeand orchard grass to be poorly 
adapted for alpine revegetation under these conditions, whereas I 
found these species to be quite successful in the subalpine areas 
examined. Both studies found timothy, slender wheatgrass, and 
Canada bltiegrass adapted in these zones, whereas Brown et al. 
(1978) also found meadow foxtail successful. 

Welin (1974) found smooth brome, orchard grass, and perennial 
wildrye (Lolium perenne) successful in the revegetation of a Colo- 
rado ski area, but not Kentucky bluegrass. Berg (1974) notes that 
both meadow and Garrison creeping foxtail (Alopecurus orundi- 
naceus). as well as smooth brome, persist in the subalpine zone of 
Colorado, but that timothy, slender wheatgrass, tall fescue, 
orchard grass, and rye grass usually establish but do not persist. 
Several of these grasses are persistent in Montana ski areas. Berg 
(1974) also notes that red and hard fescue, Kentucky bluegrass and 
Canada bluegrass may be successful in certain ,conditions; these 
species are also found in most of the Montana ski areas where they 
have been seeded. 1 have no explanation for the species’differences 
observed, but there are significant differences in altitude, latitude, 
and summer precipitation and diurnal temperature patterns 
between the Colorado and Montana areas which were examined. 

Based upon these observations, a grass mixture composed of 
30% smooth brome, 10% orchardgrass, 6% timothy, 20% slender 
wheatgrass, 18% thickspike wheatgrass, 5% red fescue, 5% hard 
fescue, 2% Canada bluegrass, 2% Kentucky bluegrass, and 2% 
innoculated white or red clover (Trifolium repens or T. pratense) 

should be successful in similar subalpine habitats. The mixture 
provides approximately equal quantities of seed, but if one species 
were difficult to obtain it could be deleted and the amounts of the 
others increased accordingly. I have seen both clovers established 
on ski runs, but white clover was noticed at the highest elevations. 
Where varieties are available, those recommended for the shortest 
or coldest growing seasons will probably prosper best (e.g., Man- 
char smooth brome). Current recommendations for rates of appli- 
cation range from 20 to 40 kg/ ha, and these as well as other 
planting and initial establishment techniques for high altitude 
grass revegetation have been described by Brown and Johnston 
(1979), Welin (1974), Hull (1974), and Plummer et al. (1968). 
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Yaupon and Associated Vegetation Response 
to Seasonal Tebuthiuron Applications 
K.W. DUNCAN AND C.J. SCIFRES 

Abstract 

Broadcast applications of tebuthiuron pellets (20% active ingre- 
dient [a.i.]) at 2 kg/ha (a.1.) in spring more effectively controlled 
yaupon than applications in summer, fall or winter on the Post 
Oak Savannah. Tebuthiuron applications in spring reduced the 
live canopy of yaupon by 80%. Tebuthiuron at 1 kg/ha did not 
effectively control yaupon, regardless of season of treatment. Her- 
baceous response to tebuthiuron was relatively slow because of 
lack of a seed source in the heavy yaupon covers. However, by 
December 1980 after applications of tebuthiuron at 2 or 4 kg/ha in 
spring or summer 1978, grass standing crops were significantly 
increased. Forb standing crops were highly variable, but there was 
no apparent forb reduction in 1980 of 1981 where herbicide was 
applied in 1978-1979. 

Yaupon (l/e_x vomiroriu Ait.), an evergreen number of the holly 
family (Aquifoliaceae), occurs throughout the Coastal Plain from 
southeast Virginia to central Florida and westward to eastern and 
southcentral Texas(Vines 1960). Yauponoccursonapproximately 
I million ha in Texas and canopy cover of about 40% of the stands 
are greater than 20% (Smith and Rechenthin 1964). Although 
yaupon is excellent browse for white-tailed deer (Odocoileus virgi- 
niunus L.) (Halls 1977) and is browsed by cattle (Lehman and 
Davis 1966). dense cover essentially precludes development of 
herbaceous forage stands. 

Yaupon is a serious range management problem on moist, sandy 
sites in the Post Oak Savannah, 3.5 million ha of gently rolling to 
hilly lands in east central Texas (Scifres 1980). Two successive 
annual applications of 2.2 kg/ ha of 2,4,5-x(2,4,5-trichloro- 
phenoxy)acetic acid] usually kills 75% of post oaks (Quercus 
stellata Wang.) and blackjack oaks (Quercus marilandica 
Muenchh.) (Lehman and Davis 1966). However, yaupon normally 
resists this treatment, and stands may dramatically increase in 
density and canopy cover following oak control (Scifres 1980). 

Picloram (4amino-3,5,6-trichloropicolinic acid) pellets or 
sprays applied broadcast at 2.2 kg/ ha appear promising for yau- 
pon control (Bovey et al. 1969, 1972; Scifres and Haas 1974), but 
hexazinone [2-cyclohexyl-6_dimethylamino)-I-methyl-1,3,5- 
triazine-2,4( I H, 3Hdione)l at rates to 4 kg/ ha does not appear 
effective against yaupon (Scifres 1982). 

Scifres et al. (1981) reported that aerial applications of 2 or 4 
kg/ ha (a.i.) of tebuthiuron [N-(5_Cl,Idimethylethyl]-l,3,4- 
thiadiazol-2-yl)-N,N’dimethylurea] as the 20% pellets in spring 
effectively controlled yaupon. However, efficacy of rates less than 
2 kg/ha and applied at various seasons specifically for yaupon 
control has not been reported. 

Objectives of this research were to determine the efficacy of I, 2, 
and 4 kg/ ha of tebuthiuron pellets applied seasonally for yaupon 
control, and herbaceous response to yaupon control with 
tebuthiuron. 

Authors are former research assistant and professor, Texas Agricultural Experi- 
ment Station (Department of Range Science)~ Texas A&M University, College Sta- 
tion, 77843. Duncan’s present address is Idly Research Laboratories, P.O. Box 
344789, Farmers Branch, Texas 75234. Approved by the Director, Texas Agricultural 
Experiment Station as TA-17698. Authors greatly appreciate the assistance of M.A. 
Foster. GA. Rasmussen, R.P. Smith, R.A. Masters,and T.W. Oldhamin installation 
and evaluation of experiments; and of Julia Scifres in manuscript preparation and 
typing. 

Manuscript received May 20, 1982. 

566 

, 

Materials and Methods 

Experiments were located on the Texas A&M University Native 
Plant and Animal Conservancy approximately 3 km southwest of 
College Station. Annual rainfall on the study area averages 94 cm. 
Soils of the experimental areas were Lufkin fine sandy loam (Vertic 
Albaqualf). Lufkin series, common to Claypan Savannah range 
sites, has a sandy loam layer less than 24 cm thick over a tight clay 
subsoil. 

Experiments were established in dense stands of yaupon under 
large post oaks. Species composition of woody plant stands on the 
general study site has been given by Scifres et al. (1981). Two 
completely random experiments arranged as split plots with 4 
replications were established about I km apart. Season of applica- 
tion constituted main-plot effect and tebuthiuron rate as subplot 
effect. Tebuthiuron at 0, I, 2 or 4 kg/ha was applied with a 
hand-operated spreader to l5.3- by 15.3-m sub-plots separated by 
15-m-wide buffers in spring (April 12, 1978), summer (July 25, 
1978), fall (October 18, 1978) or winter (February 16, 1979). 

Permanent sampling areas, 0.6 m wide, were established on the 
diagonal across each plot. Number of live yaupon stems rooted in 
the sampling areas were counted at the times of tebuthiuron appli- 
cation and in May, July, November, and December 1979; Febru- 
ary, April, and August 1980; and in December 198 I, Yaupon stems 
were categorized as “small” (51.8 m tall) or “large” 0 1.8 m tall), 
except at the last sampling. Yaupon live canopy intercepts along a 
line in the center of the sampling areas were recorded on each 
sampling date. 

Post-treatment live yaupon stem densities and canopy intercepts 
were converted to percentages of pretreatment values which were 
transformed to the arc-sine (Steel and Torrie 1980) before conduct- 
ing analyses of variance. Means were separated (p1.05) by 
Student-Newman-Keul’s test. 

Basal cover of herbaceous vegetation by species was determined 
from 18 inclined IO-point frames equally spaced along each line 
across the center of each plot on every sampling date except the 
last. Standing herbaceous crops were harvested from 5, randomly 
placed, 0.25-rn2 sampling areas in each subplot on December 5, 
1980, and on December 15, 1981. The vegetation was separated 
into grasses, grasslike plants or broadleaved plants, dried at 108 C 
for 24 hr, and weighed. Data were subjected to analysis of variance 
and means separated according to Student-Newman-Keul’s test 
(5.05). 

A rain gauge was established on each experimental area. In 
addition, precipitation was measured with a continuously record- 
ing rain gauge within 24 m of the experiments. 

Soil was collected from 0 to 8 and 8 to 15 cm deep from the center 
of every third plot in a grid across the experiments at the time of 
herbicide application. Soils were analyzed for water content gravi- 
metrically, textural components by the hydrometer method (Day 
1956), organic-matter content by the Walkley-Black method 
(Black 1965), and pH of a I: 1 slurry. 

Results and Discussion 

Soils over the experimental area varied from silty clay to sandy 
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Table 1. Organic matter contents, pH and proportions of textural components at 2 depths by seasons of tebuthiuron application during 1978-1979 to 
stands of yaupon near College Station, Texas. 

Season of tebuthiuron 
application 

Spring 

Summer 

Fall 

Winter 

Spring 

Summer 

Fall 

Winter 

Soil depth 
(cm) 

O-8 
8-15 
O-8 
8-15 
O-8 
8-15 
O-8 
8-15 

O-8 
8-15 
O-8 
8-15 
O-8 
8-15 
O-8 
O-15 

PH 

5.4 
5.3 
5.5 
4.5 
5.8 
5.2 
5.7 
5.4 

5.6 
5.2 
5.9 
4.9 
5.8 
5.3 
6.1 
5.7 

Organic matter Sand Silt Clay 

(%) (%) (%) (%) Texture’ 

Experiment 1 
3.9 61 33 6 sil 
1.1 61 31 8 sil 
1.8 65 27 8 sl 
2.9 46 27 27 1 -sil 
3.4 35 40 25 sil 
2.0 
4.5 :: :; 

41 sic 
32 sicl 

2.5 30 30 40 sic 

Experiment 2 
3.2 62 32 6 Sl 
1.4 58 31 II Sl 
2.4 59 30 11 Sl 
1.1 50 27 23 1 
3.1 56 31 13 sl-1 
1.5 48 28 24 1 
3.1 67 27 6 Sl 
1.8 65 27 8 sl 

ISil=silty loam, &sandy loam. l-loam, sic-silty clay, sicl-silty clay loam. 

loam and organic matter contents in the surface 8 cm varied from 
1.8 to 4.5% (Table 1). The greatest difference in soil textures 
between experiments within dates of tebuthiuron application 
occurred with winter and fall treatments (Table I). For example, 
tebuthiuron was applied in winter to soils containing 32% clay in 
the surface 8 cm in one experiment compared to only 6% clay 
content on the other site. Soils where tebuthiuron was applied in 
spring or summer were generally silty loams to sandy loams for 
both experiments. Influence of season of treatment, tebuthiuron 
rate, and interaction of rate and season were usually significant 
(p1.05), and apparently masked the influence of soils. However, 
variation attributable to season of application by experiment was 
not significant, regardless of date of evaluation or response varia- 
ble (canopy cover reduction, stem density reduction). Therefore, 
response data were averaged across experiments for presentation. 

Greatest reductions of yaupon live canopy at 12 to 13 months 

after tebuthiuron application occurred from treatments in spring, 
especially where 2 or 4 kg/ ha were applied (Table 2). Soil water 
contents ranged from 0.2% in the surface 3 cm to 2.7% at 8 to I5 cm 
deep when tebuthiuron was applied in spring. Rainfall occurred 
within 12 days following applications in spring, and by first evalua- 
tion I3 months later, the areas had received 138 cm of rainfall. Live 
yaupon canopy reduction I3 months after tebuthiuron application 
of 4 kg/ ha in fall or winter was roughly equivalent to 2 kg/ ha 
applied in spring (Table 2). Application of 2 kg/ ha of tebuthiuron 
in summer, fall, winter resulted in live yaupon canopy reduction 
equivalent to that following application of 1 kg/ ha in spring. 

Table 2. Percentage reductions in live canopy covers and densities of live 
stems by size category at 12 to 13 months following broadcast appliiations 
of tebutbiwon pellets in the spring, summer or fall 1978 or winter 1979 near 
College Station, Texas.’ 

Tebuthiuron did not kill a significant proportion of the large 
yaupon stems (> I .8 m tall) by 1 year after application, regardless 
of herbicide rate or season of treatment (Table 2); and, density of 
large stems increased on untreated areas and on those which were 
treated with 1 kg/ ha of tebuthiuron in summer. Tebuthiuron at 4 
kg/ ha significantly reduced the live density of small (5 I .8 m tall) 
yaupon stems after I year at all seasons of application, compared 
to the respective untreated plots. 

Tebuthiuron rate Season of tebuthiuron application2 

(kg/ha) Spring Summer Fall Winter 

Live canopy cover 
0 (+6) h 2gh 36 e-f 20 d-h 
1 46 cd 11 e-h 49 bed 9 fgh 
2 75 ab 35 c-f 40 cde 28 c-g 
4 92 a 46 cd 56 bc 54 bc 

Large stem3 
0 (+5) a (+55) b (+12) a 
I 3a ($79) b (+99: 8a 
2 3a 13 a (+l7) a 26 a 
4 39 a I9 a I8 a 37 a 

Small stems-’ 
0 (+3) ijk (+30) I I5 def (+l2) kl 
1 20 cde 29 bed (+g) jk (+15) kl 
2 17 de 29 bed 3 e-h 8 efg 
4 62 a 46 ab 37 bc 44 ab 

1 Means within a response variable and followed by the same letterare not significantly 
(I’5.05) different according to Student-Newman-Keul’s test. 
2Positive values in parenthesis indicate an increase compared to pretreatment value. 
‘Large yaupon stems were <I .8 m tall and small stems were 5 I .8 m tall at time of 
evaluation. 

Based on evaluations at 22 to 24 months after application, I 
kg/ ha of tebuthiuron did not effectively control yaupon (Table 3). 
Tebuthiuron at 2 kg/ha was most effective after applications in 
spring, and greatest reduction in live yaupon canopy and stem 
densities from 4 kg/ha occurred after application in spring or 
summer. 

Results from tebuthiuron applications in spring in this study 
were similar to those reported by Scifres et al. (1981). They 
reported yaupon canopy reductions to exceed 90% at 26 to 36 
months after application of tebuthiuron at 2.2 kg/ha. Canopy 
reduction averaged 80% at 43 months after spring applications of 2 
kg/ha in these experiments (Table 4), whereas applications of 2 
kg/ ha in summer, fall or winter reduced live yaupon canopy cover 
by only I1 to 40%. 

Reasons for more effective yaupon control when tebuthiuron 
was applied in spring, compared to application at other seasons, 
are not clear. Although there was no experiment by season of 
application interaction which would have implicated differences in 
soil characteristics as influential on yaupon response (and which 
would be expected considering differences in clay contents between 
experiments where tebuthiuron was applied in winter), potential 
influence of soil variations is difficult to ignore. Average clay 
contents were 8% on sites treated in spring compared to I7,26and 
22%, respectively, where tebuthiuron was applied in summer, fall 
or winter. Variations were minor but there was a tendency for soils 
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Table 3. Percentage reductions in live canopy cover and demitke of live 
stems by~~~~~22bUnma~fdbrrinL:bmdadI~~ 
of tebutbiuron in the spring, summer or fall 1978 or winter 1979 near 
College Station, Texas? 

Tebuthiuron rate Season of tebuthiuron application* 
(kg/ ha) Spring Summer Fall Winter 

Canopy Cover 
0 (+12) g l fg 17 def (+8) g 
1 24 de 10 ef 28 cd 2 fl3 
2 77 b 30 cd 34 cd IOef 
4 94 a 80 a 54 b 45 bc 

Large sterns’ 
0 16cd (+34) fg (+45) g (+3) de 
I (+lO) e (+l2) ef (+34) fg (+5) de 
2 75 a 53 bc l3d 34 c 
4 75 a 80 a 52 bc 66 ab 

Small stems) 
0 7 ghi (+lO) ij 15 fgh (+2) hij 
I 39 de 29 ef (+l3) j II fgh 
2 58 bc 40 cd 7 ghi I8 fg 
4 94 a 73 b 51 cd 48 cd 

t Means within e response variable end followed by the same letterare not signiticantly 
(pS.05) different according to Student-Newman-Keul’s test. 
ZPositive values in parenthesis indicate an increase compared to pretreatment value. 
‘Large yaupon stems were > I .g m tall end small stems were< 1.8 m tall et the time of 
evaluation. 

of sites treated in winter to contain greater amounts of organic 
matter than those treated at other seasons. 

Differences in precipitation following tebuthiuron applications 
did not appear adequate to favor increased herbicide activity after 
application in spring, compared to other seasons. For example, 
rainfall for the first 3 months after treatment totaled 21 cm for 
applications in spring, 20 cm for summer, 35 following treatments 
in fall, and 38 following those in winter. Since yaupon is an 
evergreen, applications of tebuthiuron in spring should not neces- 
sarily improve control, compared to fall, on the basis of need for 
active vegetative growth to stimulate herbicide uptake. 

Pretreatment herbaceous stands were composed primarily of 
shade-tolerance species such as longleaf chasmanthium (Chasman- 
thium latlyolium [Michx.] Yates) and low-growing annuals. No 
grasses existed on more than half of the plots at the time of 
treatment. By the year after applications of tebuthiuron in spring 
or summer, grass basal cover ranged from 0. I to 2.4%, compared to 
no contact with grasses or untreated plots or where the herbicide 
has been applied in the fall or winter (data not shown). 

Standing crops of grasses in December 1980 were greater on 
plots treated with tebuthiuron in spring or summer 1978 than on 
untreated plots (Table 5). Although rainfall in 1978 (84 cm) was 

Table 4. Percentage reductions in live canopy cover on December 11,1981, 
34 to 43 months following broadcast applications of tebuthiuron in the 
spring, summer or fall 1978 or winter 1979 near College Station, Texas.1 

Tebuthiuron rate Season of tebuthiuron application2 

(kg/ ha) Spring Summer Fall Winter 

0 (+29) i (+2) ghi (+5) ghi (+l4) hi 

: 
34 ef I I fgh 23 efg (+7) ghi 
80 ab 33 def 40 def II fgh 

4 89 a 69 abc 56 bed 43 cde 

‘Means followed by the same letter are not significantly different (PS.OS)eccording to 
Student-Newman-Keul’s test. 
ZPositive values in parenthesis indicate an increase compared to the original canopy 
cover. 

less than the long-term average, rainfall in 1979( 141 cm) was 150% 
of the annual average. Applications of tebuthiuron in fall did not 
increase grass standing crops, and grass standing crops were 
increased from winter application only by the higher herbicide 
rate. Forb standing crops in December 1980, composed primarily 
of western ironweed (Vernonia baldwini), were increased where 
tebuthiuron was applied at 4 kg/ha in spring, summer or fall, 
compared to forb standing crops on untreated areas. 

Basal cover of herbaceous vegetation ranged from I .6 to 3.6% on 
plots treated in spring, compared to 0.4% on untreated plots, at 18 
to 20 months after herbicide application (data not shown). Basal 
herbaceous cover on plots treated with tebuthiuron in summer 
ranged from 0.1 to I. 170, compared to no contacts with herbaceous 
vegetation on untreated plots. Cover of herbaceous vegetation was 
less than 0.1% at I8 to 20 months after application of tebuthiuron 
in fall or winter. 

Grass standing crops were increased by December 1981, com- 
pared to untreated areas, where 2 kg/ ha were applied in spring or 
summer, and where 4 kg/ ha had been applied in spring, summer or 
winter (Table 5). Grass standing crops tended to be only slightly 
increased where I kg/ ha of tebuthiuron was applied, regardless of 
season of treatment. Forb standing crops were highly variable by 
December 1981, but were not decreased by herbicide application. 

Lack of a grass source for establishment after tebuthiuron appli- 
cation to this site apparently explains the relatively slow improve- 
ment in forage cover and production. Scifres et al. (198 1) reported 
that maximum forage production might not occur for more than 3 
growing seasons on sites so seriously depleted of herbaceous cover. 
A trend toward improvement of the forage stand was evidenced in 
December 198 1 when the majority of the standing crop was little 
bluestem (Schizuchyrium scoprium[ Michx.] Nash). 
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(kg/ ha) Spring Summer Fall Winter Spring Summer Fall Winter 

Grasses 
1980 1981 

0 l20a 6Oa 320 a Oa 48 ab 84 abc 30 ab 7a 
I 980 b 14Ooc 20a Oa 192 abc 253 abc 188abc l8ab 
2 1780d 12OObc 6Oa 20a ll05e 638 d 176abc 157abc 
4 2340e 2320 e 40a 1220 bc 1351 f I l84ef 320 cd 1021 e 

Forbs 
0 40 ab 20a 20 a Oa IOa 5a 34 abc 4a 
I 200 ab 40ab 20 a Oa 24ab 7a l4a 9a 
2 400 bc l20ab 40ab Oa 16a Ila 89c 79 bc 
4 560 c I020 d 240b 80ab 28 ab 49abc IHId 512e 

’ Means within a standing crop category and within e year of evaluation followed by the same letter are not significantly different (!S.OS)accordingto Student-Newman-Keu)‘s 
test. 
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Herbage Quality of Fertilized Cool-Season 
Grass-Legume Mixtures in Western 
Nebraska 
R.D. SCHULTZ AND J. STUBBENDIECK 

Abstract 

Herbage quality of meadow bromegrass [Bromus biebersteinii 
Roem and Schult.], smooth bromegrass [Bromus inermis Leyss.], 
intermediate wheatgrass [Agropyron intermedium (Host) Beauv.], 
Russian wildrye [Elymus junceus Fisch.], crested wheatgrass 
[Agropyron cristatum (L.) Gaertn.]in mixtures with alfalfa [Medi- 
cugo s&w L.] or cicer milkvetch [Astragduscicer L.] and with the 
2 legumes in pure stands at 2 dates of harvest (June 5, June 26)and 
with 4 rates of fertilizer (0 kg N/ha-O kg P/ha, 0 kg N/ha-22 kg 
PI ha, 45 kg N/ha-O kg P/ha, 45 kg N/ha-22 kg P/ha) was studied 
in western Nebraska in 1977 and 1978. Soil at the study site was a 
loam (Typic Argiustoll) and average annual precipitation is 386 
mm. Alfalfa-grass mixtures maintained a higher percentage crude 
protein than the respective cicer milkvetch-grass mixtures, with the 
alfalfa-Russian wlldrye mixture producing the highest percentage 
crude protein. Percentage in vitro dry matter digestibility 
(IVDMD) of the cicer milkvetch-Russian wildrye &xture was the 
highest of all mixtures, and the percentage IVDMD of the cicer 
milkvetch-crested wheatgrass mixture the lowest. Herbage quality 
was higher for the June 5 harvest than the June 26 harvest. Percen- 
tage IVDMD of regrowth, which developed after the June har- 
vests, was higher for plots harvested on June 26 than on June 5. 
Fertilizer rates had a variable effect on herbage quality. Russian 
wildrye-legume mixtures generally maIntained the highest level of 
herbage quality. 

Herbage quality of cool-season perennial grasses grown under 
various fertilization and harvest schemes in Canada and western 
United States is well documented (Mason and Miltmore 1959, 
Smika et al. 1960, Lawrence et al. 1971, Sneva 1973, Hanson et al. 
1976). Under semiarid conditions in western Nebraska, however, 
no herbage quality data are presently available for introduced 
cool-season grasses or cool-season grass-legume mixtures. 
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representative, Eli Lilly and Co., Tulsa, Okla. 74134. 
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One of the primary attributes of legumes is the improvement of 
the quality of herbage through an increase in protein content of the 
mixed herbage. Several investigators have reported that legumes 
exert a beneficial effect by increasing the protein content of the 
nonlegume component of the mixture (Wagner 1954). Dubbs 
(1968) showed that sainfoin (Onobrychis viciuefofiu) in a mixture 
with IO cool-season grasses maintained a higher crude protein 
content than the separate grasses, but less than sainfoin alone, 
when grown in Montana. 

Eleven cool-season grasses with no supplemental nitrogen (N) 
produced significantly less protein than those with alfalfa (Medi- 
cugo sativu) in western South Dakota. However, grasses grown 
with alfalfa had a lower percentage crude protein than those with 
commercial fertilizers (Johnson and Nichols 1969). Dotzenko and 
Ahlgren (195 I) found that the crude protein content of an alfalfa- 
smooth bromegrass (Bromus inermis) mixture was highest at the 
first cutting treatment and decreased with later harvests. 

Sitt (1958), Brouse and Burzlaff (1968). and Lutwick and Smith 
(1977), working in Montana, western Nebraska, and Alberta, Can- 
ada, respectively, reported that N fertilization of a grass-legume 
mixture stimulated the grass, while depressing the legume growth, 
thus producing hay with a lower protein content. Nitrogenapplied 
with phosphorus (P) fertilizer usually resulted in a reduction ofthe 
percentage of protein below that of P applied alone, because P 
stimulated the legumes and with few exceptions increased the 
protein content of mixed hay (Brouse and Burzlaff 1968). Parsons 
(1958) determined that N application significantly increased the 
protein percentage in the grass component of 3 alfalfa-grass 
(smooth bromegrass, timothy [Phleum pratense], orchardgrass 
[Dactylisglomerata]) mixtures studied in Ohio, but found that the 
protein percentage in the alfalfa component did not change. 

A high correlation between crude protein content and digestibil- 
ity of forages has been reported by various researchers (Ferebee et 
al. 1972, Lema 1973, Burzlaff and Daigger 1974), but little infor- 
mation isavailable on invitrodrymatterdigestibility(lVDMD) of 
cool-season and grass legume mixtures. Rehm et al. (1971) stated 
that the digestibility of forage varies with the stage of maturity 
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rather than fertilization. Newell and Moline (1978) studied the 
quality of 12 grasses, in Nebraska, in relation to seasonforgrazing 
and found that cool-season grasses have a high IVDMD percen- 
tage at the spring harvest, a reduction in the summer and an 
increase in IVDMD for the regrowth in the late summer/ early fall. 

mined for all herbage samples by the standard two-stage procedure 
described by Tilley and Terry (1963). 

Five cool-season grasses and 2 legumes exhibiting herbage qual- 
ity potential in western Nebraska are, respectively, meadow 
bromegrass (Bromus biebersteinii), smooth bromegrass, intermed- 
idate wheatgrass (Agropyron intermedium), Russian wildrye (Ely- 
mus junceus), crested wheatgrass (Agropyron cristatum), alfalfa, 
and cicer milkvetch ~(Astragalus cicer). Russian wildrye, crested 
wheatgrass, and meadow bromegrass are bunch grasses, whereas 
intermediate wheatgmss and smooth bromegrass are rhizomatous. 
Cicer milkvetch is considered equal to alfalfa in quality (Smoliak 
and Hanna 1975). 

The experimental design was a randomized complete block with 
3 replications. Factors considered were replications, entries (spe- 
cies), fertilization rates, and harvests. Data for each respective year 
were analyzed separately. A split, split-plot analysis of variance 
was computed for each variable. F tests were conducted at the 5% 
level of significance. The least significant difference (LSD) test was 
used to compare treatment means for significant main effects 
(Steele and Torrie 1960). 

Results and Discussion 

Objectives of this study were to evaulate herbage quality of 
cool-season grass-legume mixtures and each legume separately, at 
2 initial harvest dates and one regrowth harvest and to determine 
the effect of N and P fertilizers on quality. 

Values contained within all tables are averages of 1977 and 1978 
data because performance of the herbage over the 2 years of the 
study is the most important consideration. All entries abbrevia- 
tions are the first letter of the genus and first 2 letters of the species 
of each seed grass or legume. 

Crude Protein 

Materials and Methods 
The study site was located in western Nebraska, approximately 

10 km northwest of Alliance, on the University of Nebraska 
Northwest Agricultural Laboratory. The long-term average 
annual precipitation at the study site was 386 mm, although precip- 
itation levels during the 2-year study were above average at 544 and 
606 mm for 1977 and 1978, respectively. The area is generally frost 
free from May 20 through September 25. 

Differences in percentage crude protein were observed between 
the 12 entries studied (Table 1). Alfalfa and the alfalfa-Russian 
wildrye mixture produced a significantly higher percentage crude 
protein than the other entries. The cicer milkvetchcrested wheat- 
grass mixture consistently had the lowest percentage crude protein 
content. 

The soil at the study site was classified in the Typic Argiustoll 
soil subgroup. This soil is a deep, medium textured soil developed 
in loess, with a l-370 slope and is subject to slight erosion (Fenster 
and McCalla 1970). 

Fertilization effects were highly variable between and within 
entries at both harvest dates (Table 1). Nonfertilized plots were 
similar to the fertilized plots and frequently maintained a higher 
percentage crude protein. 

All entries declined in percentage crude protein from the first to 
second harvest date under all 4 fertilizer treatments. This trend is 
consistent with the literature which reports a decline in crude 

Three replicate seedings of 10 grass-legume mixtures and the 2 
separate legume species were made on April 8, 1976, into a pre- 
viously summer-fallowed field. Legumes and grasses were seeded 
in the same row ‘Dawson’alfalfa and ‘Lutana‘cicer milkvetch were 
seeded at 11 and 13 kg/ ha, respectively, in pure plots but at 2 and 4 
kg/ ha, respectively, in grass-legume mixtures. ‘Regar’ meadow 
brome, ‘Lincoln’ smooth brome ‘Slate’ intermediate wheatgrass, 
‘Vinall’ Russian wildrye, and ‘Ruff’crested wheatgrass were seeded 
at 9, 9, 11, 8, and 8 kg/ ha, respectively, in the grass-legume mix- 
tures. Prior to seeding, the entire study area was sprayed with 
paraquat (I,1 -dimethyl&bipyridinium ion) to control annual 
weeds. Herbage was not harvested during the growing season of 
1976, but all herbage was removed from the area after the first 
killing frost. 

Table 1. Percentage crude protein of 10 cool-season grass-legume mixture.5 
and 2 pure legume seedings at the 2 initial harvest dates under 4 fertilizer 
treatments, averaged over years. 

Harvest 
date Entries 

Fertilizer treatments (kg/ha) 

ON 45N ON 45N 
OP 22P 22P OP Meant 

Main plots were 4.3 X 36.6 m in size. Each main plot was then 
divided into four4.3 X 9. I m subplots to which one of four fertilizer 
combinations (0 kg N/ha-O kg P/ha, 0 kg N/ha-22 kg P/ha, 45 kg 
N/ha-O kg P/ha, and 45 kg N/ha-22 kg P/ha) was applied March 
of 1977 and 1978. Nitrogen was applied in the form of ammonium 
nitrate (34-O-O) and P was applied in the form of triple superphos- 
phate (0-46-O). 

June 5 Msa 18.7 18.4 19.7 19.0 
Aci 17.9 15.5 18.2 13.3 
Msa-Bbi 17.4 17.0 16.6 16.8 
Msa-Bin 15.9 17.6 16.4 15.4 
Msa-Ain 17.2 16.3 16.5 15.5 
Msa-Eju 19.2 19.5 19.1 18.7 
Msa-Acr 15.3 15.1 15.5 15.9 
Aci-Bbi 14.0 13.4 12.7 12.0 
Aci-Bin 13.6 11.4 11.9 12.6 
Aci-Ain 12.2 12.6 13.6 12.3 
Aci-Eju 16.4 16.7 17.0 18.0 
Aci-Acr 10.0 10.7 II.6 12.1 
Mean 15.6 15.3 15.7 15.1 

18.9 
16.2 
16.9 
16.3 
16.4 
19.1 
15.4 
13.0 
12.4 
12.7 
17.0 
11.1 

Each fertilizer subplot was divided into two subplots (2.2 X 9.1) 
which were randomly allotted to two harvest dates. A l-m (four 
rows) X 3-m plot was harvested at a 5-cm clipping height. One of 
the 4 harvested rows was separated in the field into the following 
components: (1) seeded grasses, (2) seeded legumes, and (3) 
unseeded material. Herbage was harvested during the first week in 
June and the last week in June in both 1977 and 1978. Following 
the first killing frost each fall, regrowth was harvested. 

The herbage samples were placed in paper bags and dried in a 
forced air oven at 700 C until a constant weight was reached. After 
drying, the samples were ground in a Wiley mill to pass through a 
40-mesh screen. All samples were placed in air-tight plastic vials 
until the laboratory analyses were initiated. 

June 26 Msa 15.6 14.3 15.0 13.9 
Aci 14.4 10.0 12.9 10.6 
Msa-Bbi 13.9 14.0 13.9 13.0 
Msa-Bin 13.9 12.4 10.9 10.9 
Msa-Ain 12.6 12.0 12.0 12.4 
Msa-Eju 14.6 15.4 14.7 15.0 
Msa-Acr 10.3 I I.2 II.0 10.8 
Aci-Bbi 12.0 9.1 9.5 9.5 
Aci-Bin 9.8 9.0 9.8 9.0 
Aci-Ain 9.7 9.8 10.2 9.1 
Aci-Eju 14.2 12.2 13.6 13.3 
Aci-Acr 9.0 9.5 9.7 7.8 
Mean 12.5 11.6 11.9 II.3 

14.7 
12.0 
13.7 
12.0 
12.2 
14.9 
10.8 
10.0 
9.4 
9.7 

13.3 
9.0 

Herbage samples were analyzed for percentage nitrogencontent 
by the standard Kjeldahl procedures (Association of Official Agri- 
cultural Chemists 1960). In vitro dry matter digestibility was deter- 

1LSD.m = 2.0 for comparing entries within and between harvests, averaged over 
fertilizer treatments. 
LSD.05 = 1.0 for comparing the same entry between harvests, averaged over fertilizer 
treatments. 
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protein content as plants mature (Burzlaff et al. 1968). Thealfalfa- 
grass mixtures maintained higher percentage crude protein than 
the respective cicer milkvetch-grass mixtures at both harvest dates 
under all fertilization treatments. The pure seeding of alfalfa and 
the alfalfa-Russian wildrye mixture contained the highest crude 
protein at both harvest dates. The cicer milkvetch-Russian wildrye 
mixture maintained the highest percentage crude protein of cicer 
milkvetch-grass mixtures, being over 3.3 percentage units higher 
than the next higher mixture, cicer milkvetch-meadow 
bromegrass. 

Percentage crude protein varied for the entries X harvest date 
interaction (Table I). The alfalfa-Russian wildrye mixture pro- 
duced the highest percentage crude protein at both harvest dates, 
being significantly greater than all entries with the exception of 
alfalfa. Alfalfa-grass mixtures were significantly higher than the 
respective cicer milkvetch-grass mixtures at both harvest dates. 

An average, lactating cow has a crude protein requirement of 
9%, therefore it is important to harvest herbage at a time when this 
crude protein level can be met. This is important to the livestock 
producer not only for meeting the cows’ needs, but also for elimi- 
nating the cost of protein supplement. All herbage initially harv- 
ested in this study maintained a crude protein content about 9%, 
except the crested wheatgrasscicer milkvetch mixture when fertil- 
ized with 45N and harvested June 26. 

Russian wildrye, when separated from the mixtures, maintained 
the highest percentage crude protein at both harvest dates, ranging 
from 12.5 to 18.2 (Figure I). Percentage crude protein of crested 
wheatgrass was the lowest for all grasses within each respective 
legume mixture. The lowest value (7.1% crude protein) was pro- 
duced when crested wheatgrass was grown with cicer milkvetch. 

ENTRIES 

Fig. 1. Percentage crude protein of the grass in the 10 cool-season grass- 
legume mixhues at the 2 initial harvest dates averaged overfertilizer treat- 
ments and years. 

The 2 legumes maintained similar crude protein values at both 
harvest dates. All grasses maintained a higher percentage crude 
protein when grown with alfalfa than when grown with cicer 
milkvetch. This may be due to alfalfa fixing more N/ha than cicer 
milkvetch, thus increasing the percentage crude protein of grass 
within the mixture (Bleak 1968). 

Although differences existed between the main effects, there 
were no significant interactions concerning the percentage crude 
protein of regrowth (Table 2). Some generalizations can be made 
based upon consistent trends. Regrowth of the alfalfa-grass mix- 
tures maintained a higher percentage of crude protein than the 
cicer milkvetch-grass mixtures, with the alfalfa-Russian wildrye 
mixture producing the highest values. Generally, the crude protein 
of regrowth was higher following the June 26 harvest than the June 
5 harvest, because there was less time for the herbage to mature 
between the June 26 harvest and the regrowth harvest. 

Regrowth is important to the livestock producer as a forage 
resource which can be grazed after frost-induced dormancy. Per- 
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Table 2. Percentage crude protein of regrowth following the 2 initial harvest 
dates under 4 fertilizer treatments, avenged over yews. 

Harvest 
date Entries 

Fertilizer treatments (kg/ha) 
ON 45N ON 45N 
OP 22P 22P OP Mean’ 

June 5 Msa 
Aci 
Msa-Bbi 
Msa-Bin 
Msa-Ain 
Msa-Eju 
Msa-Acr 
Aci-Bbi 
Aci-Bin 
Aci-Ain 
Aci-Eju 
Aci-Acr 
Mean 

10.7 
12.6 
9.5 

10.7 
10.8 
12.1 

June 26 Msa 
Aci 
Msa-Bbi 
Msa-Bin 
Msa-Ain 
Msa-Eju 
Msa-Acr 
Aci-Bbi 
Aci-Bin 
Aci-Ain 
Aci-Eju 
Aci-Acr 
Mean 

14.4 
II.1 
13.8 
14.1 
14.7 
15.0 
14.9 
II.1 
13.2 
Il.6 
12.6 
II.1 

12.5 12.4 
10.0 I I.1 
I I.7 12.7 
12.6 13.0 
12.3 13.4 
13.3 13.4 
12.1 13.2 
8.8 10.5 

10.9 II.5 
7.9 10.7 

10.4 II.3 
9.1 II.4 

II.0 12.0 

14.3 14.0 
10.5 13.3 
12.7 13.3 
13.5 13.6 
14.0 14.1 
14.8 14.6 
13.8 14.2 
7.8 9.8 

10.7 12.2 
9.1 10.9 

11.3 12.0 
IO.1 13.0 

13.1 Il.9 

'No significant difference between mean values. 

12.8 
10.8 
12.2 
13.5 
13.5 
14.6 
13.3 

12.9 

12.3 12.5 
10.2 10.5 
12.0 12.2 
12.7 13.0 
13.2 13.1 
13.3 13.6 
12.8 12.8 
8.1 9.5 

II.1 I I.5 
9.4 9.4 

12.0 Il.1 
II.2 10.6 
II.5 

13.3 14.0 
II.6 I I.6 
12.6 13.1 
13.0 13.5 
13.2 14.0 
14.1 14.6 
14.1 14.2 
9.0 9.4 

II.5 Il.9 
10.0 10.4 
12.4 12.1 
10.9 Il.3 
12.1 

centage crude protein of the regrowth of these mixtures exceeded 
the crude protein needs of most types of animals at this time of the 
year. By grazing a high quality herbage, the animal can receive an 
early boost in conditioning for the winter months. 

In Vitro Dry Matter Digestibility 
Percentage IVDMD of cicer milkvetch and the cicer milkvetch- 

Russian wildrye mixture was higher than for all other entries 
(Table 3), but there were no significant interaction effects. All 
entries decreased in percentage IVDMD from the 5 to the June 26 
harvest. Fertilization treatments had no significant impact on the 
relative quality of entries. 

The separated grasses contained a higher percentage IVDMD 
when grown with alfalfa than cicer milkvetch (Figure 2). The 
alfalfa appeared to be less competitive with grasses because grasses 
were at a less advanced stage of maturity in alfalfa as compared to 
cicer milkvetch mixtures. The IVDM D values were the highest for 
Russian wildrye (66-68%), with crested wheatgrass containing the 
lowest percentage IVDMD (56~64%), possibly due to Russian 
wildrye having a lower stem/leaf ratio than the other grasses. 
Percentage IVDMD of all grass components was higher at the 
June 5 harvest. 

Cicer milkvetch, ina pure seeding or mixture, contained a higher 
percentage of IVDMD than alfalfa (Figure 3). When grown in a 
mixture, cicer milkvetch contained the highest IVDMD values 
(70%) when associated with Russian wildrye or intermediate 
wheatgrass. The percentage IVDMD in both legumes decreased 
from the June 5 harvest to the June 26 harvest. The lowest IVDMD 
values of 63% were observed at the June 26 harvest date when 
alfalfa was in a mixture with smooth bromegrass, crested or inter- 
mediate wheatgrass. 

The regrowth maintained digestibility levels between 46and 55% 
(Table 4). Regrowth IVDMD values were generally higher for 
those entries containing alfalfa. Lower IVDMD values for those 
entries containing cicer milkvetch were attributed to a larger pro- 
portion of grass, which reduced the digestibility of the total her- 
bage sample. 

573 



Table 3. Percentage IVDMD of lOcool_season grass-legume mixtures and 
2 pure legume seedings at the 2 initial harvest dates under 4fertIlIzer treat- 

Table 4. Percentage IVDMD of regrowth of 10 cool-season grass-legume 
mixtures and 2 pure legume seedings following the 2 initial harvest dates 

ments, averaged over years. under 4 fertilizer treatments. 

Fertilizer treatments (kg/ ha) 
Harvest ON 45N ON 45N 
date Entries OP 22P 22P OP Mean’ 

June 5 Msa 68 69 68 68 68 
Aci 11 75 73 74 73 
Msa-Bbi 69 68 67 68 68 
Msa-Bin 68 69 65 67 67 
Msa-Ain 68 69 69 68 68 
Msa-Eju 69 69 68 67 68 
Msa-Acr 66 68 67 61 67 
Aci-Bbi 69 67 68 66 67 
Aci-Bin 68 63 67 66 66 
Aci-Ain 66 66 66 66 66 
Aci-Eju 70 73 69 74 71 
Aci-Acr 65 64 65 65 65 
Mean 68 68 68 68 

June 26 Msa 63 65 64 64 64 
Aci 69 66 69 69 68 
Msa-Bbi 64 65 63 61 63 
Msa-Bin 63 61 61 61 61 
Msa-Ain 64 64 
Msa-Eju 63 65 

t: 62 63 
62 63 

Msa-Acr 61 61 61 62 61 
Aci-Bbi 64 62 63 63 63 
Aci-Bin 62 58 61 59 60 
Aci-Ain 62 62 63 61 62 
Aci-Eju 68 68 67 68 68 
Aci-Acr 59 59 60 58 59 
Mean 63 63 63 62 

‘No significant difference between mean values. 

Fertilizer treatments, because of the high variability within and 
between entries, had no significant effect on percentage IVDMD of 
the regrowth. 

Fertilizer treatments (kg/ha) 
Harvest ON 45N ON 45N 
date Entries OP 22P 22P OP Mean’ 

June 5 Msa 48 49 48 49 49 
Aci 48 48 47 49 48 
Msa-Bbi 48 51 52 52 51 
Msa-Bin 51 53 51 51 51 
Msa-Ain 49 50 51 50 50 
Msa-Eju 48 50 50 49 49 
Msa-Acr 50 49 50 50 50 
Aci-Bbi 53 49 50 46 49 
Aci-Bin 53 52 52 52 52 
Aci-Ain 49 48 49 50 49 
Aci-Eju 49 47 50 51 49 
Aci-Acr 50 47 50 49 49 
Mean 50 49 49 50 

June 26 Msa 54 53 52 51 52 

Aci 50 50 54 50 Msa-Bbi 52 53 52 53 :: 
Msa-Bin 54 52 52 52 53 
Msa-Ain 53 52 52 51 52 
Msa-Eju 55 54 54 52 54 
Msa-Acr 53 53 53 54 53 
Aci-Bbi 54 47 52 50 51 
Aci-Bin 52 50 51 51 51 
Aci-Ain 50 48 49 48 49 
Aci-Eju 54 51 52 52 52 
Aci-Acr 50 50 54 50 51 
Mean 53 51 52 51 

‘LSD- = 4 for comparing entries within and between harvests, averaged overfertilizer 
treatments. 
LSDm = 3 for comparing the same entry between harvests, averaged over fertilizer 
treatments. 

All entries maintained a higher level of digestibility when the 
regrowth was harvested from plots originally clipped on June 26 
(Table 4). Herbage from the plots originally clipped on June 26 had 
less time to regrowth when clipped in October as compared to plots 
originally clipped on June 5. The reduction in growing time 
resulted in a leafy, less mature herbage which maintained a higher 
level of quality. 

The entries X harvest date interaction was significant for percen- 
tage IVDMD of the regrowth (Table 4). Cicer milkvetch-smooth 
bromegrass and alfalfa-Russian wildrye maintained the highest 
levels of digestibility following the June 5 and June 26 initial 
harvests, respectively. 

Management Implications 
Based upon crude protein data, the alfalfa-Russian wildrye mix- 

70 

65 

- 3 Juns 5 harvest 

Jun. 26 hwvsst 

ENTRIES ENTRIES 

Fig. 2. Percentage IVDMD of the grass in the IO cool-seasongrass-legume 
mixtures at the 2 initial harvest dates averaged over fertilizer treatments 
and years. 

Fig. 3. Percentage IVDMD of the legume in the 10 cool season grass- 
legume mixtures and 2 pure Iegume seedings at the 2 initial harvest dntes 
averaged over fertilizer treatments and years. 
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ture is superior. It maintains a higher percentage crude protein 
throughout the growing season thah the other mixtures. Alfalfa, in 
a mixture with any of the cool-season grasses, will provide the 
rancher with a herbage unit containing an acceptable level of crude 
protein. Differences in percentage crude protein of the regrowth 
are too small to rate one alfalfa-grass mixture superior to another. 

Selection of one mixture, based on IVDMD values, would not 
be feasible because variation between the mixtures was small. 
Fertilization had little effect on the IVDMD of the herbage and 
appears to be of little value in increasing the quality of one herbage 
unit over another under the conditions of this study. 

Harvesting the mixtures at an earlier date, in our case June 5, 
will provide herbage that is substantially higher in quality than if 
harvested 3 weeks later. Crude protein and IVDMD differences as 
high as 4 and 6 percentage units, respectively, between harvests 
have been recqded. This is very important if the herbage is to be 
utilized in conditioning cattle prior to calving. 

Although quality of herbage is important, evaluation of the 
yielding capacity of the various mixtures is critical, also. The 
alfalfa-Russian wildrye mixture was the most desirable in terms of 
crude protein and IVDMD, but did not fare as well in yield 
evaluations (Schultz and Stubbendieck 1982). Another mixture 
with good quality potential, as well as maintaining a high yielding. 
capacity, may fit the ranchers needs better. The rancher will have to 
select the quality and yielding characteristics to best fit his opera- 
tion and choose the mixture accordingly. 

grasses in relation to season for grazing- Nib&a Agr. Exp. Sta. Res. 
Bull. 283. 
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Influence of Vesicular-Arbuscular Mycor- 
rhizal Fungi on the Nodulation and Growth 
of Subclover 
NORMAN E. GREEN, MICHAEL D. SMITH, WILLIAM D. BEAVIS, AND EARL F. ALDON 

Abstract 

This study was initiated to determine the itiuence of vesicular- 
arbuscular mycorrhizal (VAM) fungi on a rhizobhun-legume 
interaction. Inoculation of subclover with Glomus fascicddus 
resulted in 2 times as many rhizobium nodules on roots as on 
nonmycorrhizal controls. Inocuhtion with Glomus mosseue 
resulted in 1.4 times greater nodule formation compared to the 
noninoculated controls. Plants inoculated with G. mosseue + G. 
fusckulatus had 1.9 times more nodules than the controls. Further- 
more, inoculation with G. fasciculatus or G. mosswe+ G. fascicu- 
latus resulted in shoot weights and total plant weights nearly 
double that of the controls. The conclusion is that inoculation with 
the correct VAM fungal species is as important as the selection of 
the rhizobium species for subclover growth and development. 

The increased demand for energy resources has resulted in large 
tracts of arid and semiarid rangelands being disturbed by the quest 
for coal and oil shale. Both the 1972 federal mining law and state 
regulations require the reclamation of these lands to acceptable 
standards for forage and wildlife habitat. Western rangelands are 
generally deficient in nitrogen and phosphorus throughout their 
soil profiles; as a result, standard rehabilitation operations must 
use large applications of these inorganic fertilizers to establish site 
productivity (Bauer et al. 1978). However, the costs of fertilizer 
often exceed the actual benefits derived from their use in reseeding 
projects in arid locations. Abbott and Robson studied the growth 
of subterranean clover inoculated with two types of vesicular 
arbuscular endophytes and compared them with that of noninocu- 
lated plants at 5 levels of applied superphospate in a high phos- 
phate fixing soil. A greater growth response of plants inoculated 
with a fungus resembling G. mosseue was associated with a greater 
amount of mycorrhizal roots. Responses in nodulation closely 
paralleled responses in growth. 

This study was initiated to determine the potential of using 
existing biological systems in place of expensive fertilizer applica- 
tions for site rehabilitation. Legumes will, with associated rhizo- 
bium, fix large quantities of nitrogen; this association might be 
useful as a biological system for supplying nitrogen. However, the 
legume-rhizobium interaction requires relatively high levels of 
phosphorus (van Schreven 1958). Since vesicular-arbuscular 
mycorrhizal (VAM) fungi increase the uptake of phosphorus by 
their host plants, a study was initiated to determine the influence of 
VAM fungis on a rhizobium-legume assoc$tion under low phos- 
phorus conditions. The use of mist chambers for root studies 
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avoids the confounding effects of edaphic factors (Graham et al. 
1976). 

Materials and Methods 

Spores of Glomus mosseae (Nichol. and Gerd.) Gerdemannand 
Trappe and Glomusfascicuhtus (7haxter sensu Gerdemann) Ger- 
demann and Trappe, collected in the state of Washington, were 
multiplied in pot culture on wheat (Graham et al. 1976). Spores 
were extracted by wet sieving and decanting (Gerdemann and 
Nicholson 1963) and stored in Ringer’s solution (Daniels and 
Graham 1976) for about 3-5 months before use. 

Seeds of subclover (Trifolium subterranean L. cv. Mount 
Barker) were surface disinfected in a 0.5% sodium hypochlorite 
solution and rinsed 5 times in sterile, distilled water. The moistened 
seeds were inoculated with a commercial preparation of Rhizo- 
bium trifolii (Dungeard) by placing them in the preparation and 
thoroughly coating each seed. The inoculated seeds were then 
planted in 3-inch pots containing a 1 to I mixture (vol/vol) of 
sterile autoclaved sand and vermiculite. 

When the seedlings reached the two-leaf stage, they were care- 
fully tapped out of the pots, and the roots were rinsed free of sand 
and vermiculite with tap water. The seedlings were then placed in 
3-inch pots with one root subtended through a l/2-inch hole 
drilled in the base of each pot. One to 3 lateral roots were left 
confined within the pot. The confined roots were covered with 
l/2-inch of moistened vermiculite, and the potted plants were then 
placed in a misted-root culture chamber (Hansen et al. 1979). 

The roots were sprayed continuously with a fine mist of a 40-fold 
dilution of a modified Hoaglands number 2 solution to allow 
healing of any abrasions on the roots (Graham et al. 1976). After 7 
days, the vermiculite covering the confined roots was carefully 
rinsed out of the pots with tap water. Roots of the plants used for 
controls were recovered with moistened vermiculite and placed 
back on the misted-root chambers. Plants for the VAM fungi 
treatments were inoculated by placing lo-15 spores of each 
selected VAM fungal species directly on the rootlets confined 
within the pot. The inoculated roots were covered with moistened 
vermiculite, and the pots again placed in the root-chamber and 
misted with the same diluted Hoglands solutions (available phos- 
phorus maintained at 10e6 M concentration). Treatments, in addi- 
tion to the R. trifolii inoculation already done, were (1) 
control-no VAM inoculation; (2) G. mosseae; (3) G. fasciculatus; 
(4) G. mosseae -I- G.fascicularus-inoculated with 15 spores each 
of the VAM fungi G. mosseae and G. fasciculatus. All root lengths 
were measured every 2 weeks until all of the plants were harvested 
12 weeks following inoculation, when the following data were also 
collected: Number of nodules/root system, root dry weight, shoot 
dry weight, and total plant dry weight. Presence of VAM mycelium 
was determined by trypan blue staining techniques. Two com- 
pletely randomized blocks of 92 plants/block were used, which 
represents a total of 23 plants per treatment, replicated twice. 
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Results 

Nodule Formation 
Nodules and VAM mycelium were observed throughout the 

root systems both in the vermiculite group mass and in those roots 
within the chamber. 

Inoculation of suhclover roots with either species of both species 
of VAM fungi enhanced nodule formation (Fig. I). The average 
number of nodules per plant for each treatment was Control 173.8, 
G. mosseae 242.9, G. fasciculatus 351.6, and G. mosseae + G. 

fasciculatus 337.9. Inoculation with G. fasciculatus resulted in 
nodule formation that was 2.0 times greater than that of the 
control. Plants inoculated with G. mosseae had the lowest number 
of nodules formed for any of the mycorrhizae treatments, but 
nodule formation was 1.4 times greater than that of the controls. 
(The 1.4 requires additional testing to check its validity.) Combin- 
ing G. mosseae and G. fasciculatus as an inoculum resulted in 
slightly fewer nodules than the G. fasciculatus treatment (1.9 times 
greater than that of the control). Microscopic inspection indicated 
presence of VAM in all mycorrhizal treatments, but percent infec- 
tion was not quantified. In the G. mosseae + G. fasciculatus 
treatment infections was determined, but identification by species 
was not possible. 

Plant Growth 
Plants inoculated with either species or both species of VAM 

fungi had greater shoot and total weights than the controls (Table 
1). The largest shoot weights and total plant weights were obtained 
from either the G. fasciculatus or the G. mosseae -k G. fasciculatus 
treatments. Although none of the treatments produced signifi- 
cantly greater root weights, the G. fasciculatus treatment and, to a 
lesser extent, the G. mossea i- G. fasciculatus treatment did pro- 
duce somewhat greater root weights than either the G. mosseae 
treatment or the control. De G. mosseae inoculated plants had the 
lowest root weights of any of the VAM treatments. Root lengths 

Control GM G.F. 
Treatment 

G.M.+G.F. 

Fig. 1. Ihe influence of the vesicular-arbuscuk mycorrhizalfungi Glomus 
mosseae (GM) and G. fasciculatus (GF) on Rhizobium trifolii nodule 

formation on the roots of subclovers grown in mist culture. Treatments 
followed by a dflerent letter are significantly different (KO.05). 

Table 1. Influence of VAM fungi on tbe growth of Rhizobium trjfolii 
inoculated subclover grown in misted-root chambers. 

Treatment 

Control 
Glomus mosseae 
G. fascicularus 
G. mosseae + G. fasciculatus 

Average dry weight/plant (g)’ 
Roots Shoots Total 

0.02 a 0.44 a 0.64 a 
0.20 a 0.71 ab 0.91 ab 
0.28 a 0.83 b I.11 b 
0.24 a 0.89 b I.13 b 

‘Means within columns followed by a different letter are significantly different 
(KO.05). 

were significantly greater for the G. fasciculatus and the G. mos- 
seae + G. fasciculatus treatments than for the control at 12 weeks 
(Fig. 2). However, the differences in root length were slow to 
develop. For the first 8 weeks following inoculation, root lengths 
were essentially the same for the various treatments. From 8 weeks 
to 12 weeks after inoculation, there was a gradually increasing root 
length difference between the G. fasciculatus and G. mosseae -I- G. 

fasciculatus treatments compared to the control (Fig. 2). 

Discussion 

The results of this experiment show that inoculation with the 
VAM fungus G. fasciculatus greatly increases the number of rhizo- 
bium nodules formed on subclover roots. It also greatly increases 
shoot growth and, thus, total plant growth. The increase in nodule 
formation could be due to the increased phosphorus uptake by the 
clover as a result of the VAM infection (Mosse 1973) (Cress 1979). 
Phosphorus is requisite for good rhizobium nodule formation (van 
Schreven 1958). Further studies are needed to elucidate the cause 
of the nodule stimulation by G. fasciculatus. The results of this 
study support the concept that VAM fungi are essential for the 
growth of legumes in phosphorus-deficient soils, as proposed by 
Asai (1948), Baylis (1961), and Possingham et al. (1971). The 
increases in plant growth because of VAM inoculation are similar 
to those reported by Crush (1974) and O’Bannon et al. (1980) for 
other legumes. Furthermore, these results show that there is a 
specificity between subclover and the species of VAM fungus with 
which it is inoculated as evidenced by the stimulation effect of G. 

fasciculatus and the near neutral effect of G. mosseae. The appar- 
ent lack of difference in the results obtained using G. fasciculatus 

_ 
Weeks after inoculation 

Fig. 2. The influence of VAM fungi on root length of Rhizobium trifolii 
inoculated subclover grown in misted-rool chambers. VAM treatments 
were (1) control; (2) Glomus mosseae; (3) G. fasciculatus; (4) G. mosseae 
+ G. fasciculatus. 
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compared with G. mosseae -I- G.fuscicukzrus suggests that there isa 
possibility those spores from G. fusciculufus were the only ones or 
at least the predominant ones to infect the plants of the combina- 
tion treatment, This implication suggests that future host specific- 
ity studies should incorporate infectivity measurements. It is also 
possible that changes in subclover varieties, soil pH, soil moisture, 
and/or soil temperature could change the interactions with the 
VAM species. These results indicate that the selection of the VAM 
species is as important to subclover success as the selection of the 
rhizobium species. These findings show that, with the correct 
species of VAM, subclover has a greater potential foliage produc- 
tion, which would provide increased forage for grazing livestock 
following the reclamation project. 
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Effects of Long-term Grazing on Cryptogam 
Crust Cover in Navajo National Monument, 
Ariz. 
JACK D. BROTHERSON, SAMUEL R. RUSHFORTH, AND JEFFREY R. JOHANSEN 

Abstract 

The effects of long-term grazing (40 years) on cryptogamic crusts 
of Navajo National Monument were investigated. Both vascular 
and nonvascular communities were heavily impacted with the 
cryptogamic community showing the greatest reduction in cover. 
Lichens and mosses were the most damaged, while the algae were 
much more tolerant. Individual cryptogamspeeies were affected in 
similar patterns with all identifuble species showing reduced 
cover. Vascuhr plant species were also affected with grassesshow- 
ing the greatest reduction under grazing pressure. 

Throughout desert systems of western North America there is 
scant ground cover and often extensive open areas between the 
plants. In such open areas, soils are exposed to powerful erosive 
impacts. When soils are unprotected, erosion can be extensive and 
soil losses can be great. Of primary importance in the protection of 
desert soils are communities of nonvascular cryptogamic plants 
that grow upon or immediately beneath the soil surface. When well 
established and undisturbed such plants form a crust which plays 
an important role in soil stabilization (Fletcher and Martin 1948; 
Kleiner and Harper 1972, 1977; Loope and Gifford 1972; Ander- 
son et al. 1982a, 1982b). 

Algae are the primary components of these crusts but they are 
often accompanied by lichens and mosses (Anderson and Rush- 
forth 1977, Kleiner and Harper 1972). Algae are the most effective 
in binding the soil particles (Anantani and Marathe 1974, Ander- 
son and Rushforth 1976). Where cryptogam crusts are well deve- 
loped the soil surface is almost always highly stable. 

Research has been done on several aspects of the biology of soil 
crusts and cryptogamic communities. Ecological relationships 
have been studied by Anderson et al. (1982a) and Anderson et al. 
(1982b). Species composition and taxonomic relationships of 
crusts were studied by Anderson and Rushforth (1976). The role of 
such crusts in nitrogen fixation was studied by Rychert and Skujins 
(1974) and their effects on infiltrationand sedimentation by Loope 
and Gifford (1972). However, much is yet to be learned about the 
role of these crusts in desert ecosystems. 

The Navajo National Monument boundary (fenceline) provided 
an excellent opportunity to evaluate the effects of grazing on the 
cryptogamic soil crusts of the pinyon-juniper zone in northeastern 
Arizona. The objective of this study was to evaluate the effects of 
long-term grazing (40 years) on the cryptogamic soil cover of the 
pinyon-juniper zone in northern Arizona (Navajo National 
Monument). 

Study Area 

Navajo National Monument is located in northeastern Arizona 

Authors are professors of botany and range science, Department of Botany and 
Range Science, Brigham Young University, Provo, Utah 84692 and graduate student, 
Department of Botany and Range Science. Brigham Young University, Provo. Utah 
84602. 
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about 30 km southwest of the village of Kayenta and is the site of 
three large Anasazi Indian cliff dwellings (ruins). Betatakin 
Canyon, thesite of the present study, is a side canyon of the larger 
Tsegi Canyon complex and has been described by Hack (1945). 
The major geological formation within the canyon is Navajo Sand- 
stone, which forms sheer towering cliffs 200 m or more in height. 
The canyon floor consists of alluvial deposits of sandy Quaternary 
fill. Kayenta Sandstone forms outcrops in the lower reaches of the 
canyon. 

The annual temperatures recorded at park headquarters at 
Betatakin Canyon range from -23’C to 38OC with a mean of IO’C. 
The number of frost-free days in the area varies from 107 to 213, 
with an average of 155 days. Annual precipitation ranges from I7 
cm to 48 cm with a mean of 29 cm. There is a single wet season, 
lasting from late summer to fall. 

A mature pinyon-juniper commuity occurs on the mesas and 
slopes above the canyon and extends onto the large areas of 
exposed slickrock along the canyon edges. Pinyon pine (A’nus 
edulis) and Utah juniper (Juniperus osteosperma) are consistently 
the dominant overstory species of this community. 

The understory is dominated by a variety of shrubs including big 
sagebrush (Artemisia tridentata), littleleaf mountain mahogany 
(Cercocarpus intricatus), cliffrose (Cowania mexicana), antelope 
bitterbrush (Purshia tridentata), cliff fendlerbush (Fendlera rupic- 
ala), and roundleaf buffaloberry(Shepherdiarotundifolia)(Broth- 
erson et al. 1980). 

Methods 

Sixteen 50-m transects were placed perpendicular to the fence- 
line enclosing Navajo National Monument where topography, 
vegetation, and soil appeared comparable. Eight transects were 
placed inside the monument boundary where grazing has been 
excluded for the past 40 years, and another 8 transects were placed 
outside the monument fence adjacent to those within the fence. 
Sampling was started 10 m from the fence. Grazing outside the 
monument boundary has occurred since the late 1890’s with sheep 
and since the early 1960’s with sheep and cattle. Grazing is year 
round with the greatest utilization of the range being from early 
spring until late fall. Grazing pressures are moderate to heavy. 

Ten quadrats (0.25 m2) were distributed along the transects at 
5-m intervals. Each quadrat was subdivided into 4 sections of equal 
size. Percent cover of vascular and nonvascular species was esti- 
mated using the ocular method and cover classes proposed by 
Daubenmire (1959). Nonvascular cover was estimated and subdi- 
vided into 6 classes (lichens, mosses, algae, litter, soil, and rock) 
and recorded (Anderson et al. 1982b). Rock was included if its 
diameter was greater than 2.5 cm. Frequency for all vascular and 
nonvascular species as well as the above listed general categories 
was also computed. This was done by noting the total number of 
quadrat sections within which a species or a general category 
occurred and then dividing this number by the total number of 
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Table 1. Mean percent and standard deviation of cover categories for 
grazed end nongrazed areas in Navajo National Monument. 

Cover Grazed 
category Mean SD. 

Algae 13.8 15.5 
Moss I.1 I.1 
Lichen 2.5 3.0 
Vascular plants 21.4 11.2 
Litter 30.2 12.3 
Soil 41.3 20.5 
Rock 0.1 0.2 

Nongrazed Signifi- 
cance Mean S.D. level 

32.7 18.3 0.05 
6.8 5.6 0.025 

14.1 9.0 0.01 
26.0 18.5 NS 
26.2 11.6 NS 
14.7 10.1 0.01 
11.3 16.7 0.05 

quadrat sections taken. The sum of all cover values often exceeded 
100% due to overlaps encountered in the sampling. The general 
importance of vascular plant life forms (trees, shrubs, grasses, and 
forbs) was computed by numerically summing the average percent 
cover across ail transects of all species falling into one of the life 
form groups. Differences between the cover categories for grazed 
and nongrazed areas were evaluated using Students r-tests. 

Results and Conclusions 
Cover characteristics of vascular and nonvascular communities 

are presented in Tables i-4. Our results demonstrate important 
impacts of grazing animals (through both grazing and trampling) 
upon the vascular and nonvascular cryptogamic communities with 
the nonvascular communities showing significant damage (Table 
1). Data on the cryptogamic crusts showed strong differences 
between the paired grazed and nongrazed areas. The areas subject 
to grazing supported significantly less cryptogamic cover including 
algae, lichens, and mosses (Table 1). The lichens and mosses were 
the most heavily reduced by grazing activity. Algae were much 
more tolerant of grazing disturbance. This was also shown by 
Anderson et al. (1982a). When individual species of mosses and 
lichens were considered, the above patterns repeated themselves 
with almost all identifiable species showing reduced numbers as 
well as reduced importance in the areas subject to grazing pressure 
(Table 2). 

Table 2. Mean percent cover values and standard devhtions for crypto- 
gamic species growing on grazed and nongrazed soils in Navajo National 
Monument. 

Species 

Grazed Nongrazed 
Mean S.D. Mean S.D. 

&yum sp. 
Grimmia ovalis 
Grimmia sp. 
Tortula ruralk 

Acrospora chloropkna 
Candelariella sp. 
Colkma sp. 
Collema tenax 
Fulgensia sp. 
Lecanora crenulata 
Lecanora sp. 
Lecidea decipiens 
Lecidea sp. 
Lecidea tesselkta 
Lepraria sp. 
Lichen sp. 1 
Lichen sp. 2 
Lichen sp. 3 
Lichen sp. 4 
Toninia caeruleonigricans 
Usnea sp. 
Xanthoria ekgans 

0.1 

1.0 

I.4 
0.4 

0.2 
0.1 
0.1 
0.1 

Mosses 
0.2 0.6 

0.1 
0.4 

1.1 6.3 

Lichens 
0.1 
0.3 

2.6 8.1 
0.7 0.8 

0.4 
1.2 
0.4 
0.1 
1.3 
0.2 
0.1 

1.0 1.3 
0.1 0.2 
0.1 0.1 
0.2 I.0 

0.1 
0.1 
0.1 

I.0 
0.2 
0.7 
6.2 

0.1 
0.5 
12.4 
1.4 
0.5 
2.2 
1.2 
0.1 
2.8 
0.5 
0.1 
1.3 
0.3 
0.1 
1.2 
0.2 
0.1 
0.1 

Percent of exposed s&l in the grazed areas showed significant 
increase over nongrazed areas. This was largely due to the 
decreased importance of the cryptogamic crusts on these sites. 
Although rock cpver was significantly higher in the nongrazed 
areas, this was not due to any animal impact but to the chance 
presence of more slickrock along one of the transects in the non- 
grazed sites. Also in the grazed areas the soil was loose and there- 
fore more easily moved about by wind to cover exposed rocks. 

The vascular plant and litter cover categories showed no signifi- 
cant difference between the areas (Table 1). However, differences 
were detected when individual species and plant life form catego- 
ries were examined. Slenderbush eriogonum (Eriogonum micro- 
thecum), slender giiia (Gilia leptomeria). and sandhili muhly 
(Muhlenbergia pungens) had greater average cover values in the 
grazed areas while prickly gilia (Leptodactylon purtgerts), brittle 
pricklypear (Opuntia fragih’s), Indian rice grass (Oryropsis hyme- 
noides), and longtongue muttongrass (Poa longiligula) had higher 
cover values in the nongrazed areas (Table 3). Analysis by life form 
indicated little or no difference in cover between the paired areas 
for trees, shrubs, and forbs. However, grasses had nearly 2% times 
more cover in the nongrazed than in the grazed areas (Table 4). The 
frequency values also confirm the above conclusions. 

The results of this study suggest that cryptogamic cover on 
pinyon-juniper ranges of northern Arizona is reduced by domestic 

Table 3. Mean percent cover values and standard devietions for vaseuiar 
piant species growing on grazed and nongrezed areas in Navajo National 
Monument. 

Species 
Grazed Nongrazed 

Mean S.D. Mean S.D. 
Trees: 

Juniperur osteosperma 
Pinus edulis 

Shrubs: 
Artemisia tridentata 
Chrysothamnus nauseosus 
Echinocereus triglochidiatus 
Eriogonum microthecum 
Fendlera rupicok 
Leptodoctylon pungens 
Opuntia fiagilis 
Opuntia polycantha 
Xanthocephalum sarothrae 
Yucca angustissima 

Forbs: 
Androsace septentrionalis 
Artemisia frigida 
Astragalus convallarius 
Aster arenosus 
Delphinium nelsonii 
Epilobium hornemannii 
Eriogonum alatum 
Fritilkria atropurpurea 
Penstemon comarrhenus 
Penstemon eatonii 
Stephanomeria tenuQolia 
Dadescantia occidentalis 
Unknown seedlings 

Grasses: 
Bouteloua gracilis 
Muhlenbergio pungens 
Oryropsis hymenoides 
Poa longiligula 
Stipa comata 

Annuals: 
Descurainia pinnata 
Gilia leptomeria 
Heterotheca villosa 
Mentzelia albicaulis 

2.9 4.1 1.7 3.4 
4.4 5.6 4.6 5.5 

2.7 3.4 
0.4 1.1 

3.9 6.8 

2.7 3.7 
0.2 0.6 
0.9 2.1 
0.2 0.3 
0.1 0.2 

0.1 0.2 
1.5 2.8 
0.2 0.5 
2.0 2.6 
2.8 4.9 
0.4 1.1 
0.2 0.5 
0.1 0.2 

0.4 
0.5 
0.1 
0.4 

1.2 
1.1 
0.2 
I.1 

0.1 
0.4 
0.1 
0.9 
0.2 
0.3 

0.2 
0.5 
0.2 
1.5 
0.5 
0.5 

0.1 0.2 

0.2 0.3 
0.1 0.2 
0.1 0.2 
0.3 0.5 
0.8 0.8 

0.1 
0.1 

0.1 
0.2 

0.4 
0.1 

1.1 
0.1 

2.0 4.0 3.5 4.7 
1.4 3.4 0.6 1.6 
0.8 1.5 1.4 1.8 
0.2 0.2 4.5 5.5 
0.1 0.2 0.5 1.0 

0.2 0.4 
2.1 2.4 
2.5 3.7 
0.1 0.2 

0.4 0.4 
0.9 I.1 
3.6 6.8 
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Table 4. Percent sum cover and lrequency v&es for vascular phnt iife 
form growing on grazed and nongrazed areas in Navajo National 
Monument. 

Life form 

Cover Frequency 
Grazed Nongramd Grazed Nongraxed 

TECS 1.3 6.3 20.0 14.1 
Shrubs 1.4 9.0 35.6 37.1 
Grasses 4.5 10.5 21.3 44.0 
Forbs 6.9 7.5 40.9 43.6 

animal grazing activity. Further research is suggested in other 
areas and ecosystems. Mosses and lichens appear to be more 
affected than algae. Both total cover and the number of species in 
the cryptogamic community decreased under grazing. New and 
improved management practices are needed which consider the 
value of cryptogamic crust cover which is important in rangeland 
protection. Management techniques favoring the maintenance of 
cryptogamic crusts are not well worked out. However, Anderson et 
al. (1982b) indicated that such management practices are possible 
and should take into account the timing of grazing use to avoid the 
season of low precipitation, high temperature, and the incidence of 
torrential rains. They reason that this is the time period when the 
cryptogamic crusts are in an inactive state and thus are the most 
likely to be damaged by disturbance. Further, it appears that 
periods of rest enhance the reestablishment of cryptogamic cover 
and therefore management schemes should provide for such peri- 
ods. Future research should include analyses of cryptogamic crust 
maintenance and the relationship between crusts and established 
grazing systems. 
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Clipping Frequency and Fertilization Influ- 
ence Herbage Yields and Crude Protein Con- 
tent of 4 Grasses in South Texas 
J.L. MUTZ AND D. LYNN DRAWE 

Crude protein content of herbage produced by buffelgrass, blue 
panicgrass, and Bell rbodesgnss was improved with nitrogen and 
phosphorus fertilization and clipping every 4 or 8 weeks, compared 
to harvests only at the end of the growing season. Within a fertiliu- 
tion level, the (I-week clipping frequency generally increased dry 
matter production of the grasses over the 4-w-k clipping fre- 
quency or the end-of-season single harvest. Kkberg bluestem her- 
bage generally contained less protein at all pbenological stages 
than that of buffelgrass, blue panicgrass, or Bell rbodesgnss, and 
dry matter production was not increased by fertiliution. Crude 
protein content of Kleberg bluestem herbage was only slightly 
increased with the highest level of fertilization, regardless of 
clipping frequency. 

The South Texas Plains occupies nearly 9 million hectares of 
level to rolling terrain with elevations ranging from sea level to 95 
m. Annual rainfall ranges from 45 to 75 cm with peaks occurring in 
May and September. Because of the long growing season and 
rainfall patterns, this area has a high potential for forage produc- 
tion. However, primarily as a result of continued excessive grazing 
of domestic livestock and cessation of fires, undesirable woody 
species have increase to the detriment of naturally occurring desir- 
able vegetation (Scifres 1980). 

Brush management as a part of overall sound range manage- 
ment has proven its merit in restoring forage production (Scifres et 
al. 1976, 1980; Polk et al. 1976). Generally, natural revegetation 
through secondary succession is too slow for economical returns 
following high-cost mechanical control of undesirable woody spe- 
cies. Artificial revegetation with commercially available, adapted 
species is often considered the most feasible alternative for rapid 
restoration of these grazing lands. Major species that have been 
seeded successfully include buffelgrass (Cenchrus ciliuris), Bell 
rhodesgrass (Chloris gayunu), Kleberg bluestem (Dicanthium 
annulatum), and blue panicgrass (Panicum antidotale). 

Although these grasses have been utilized in the overall range 
improvement program in south Texas for the past 4 decades, little 
is known about specific post-seeding management practices which 
could improve forage yield and quality. Brief descriptions, plant- 
ing dates, seeding rates, and responses to irrigation and fertiiiza- 
tion are found in experiment station leaflets (Novosad and Pratt 
n.d., Lancaster n.d., Laircaster 1949, and Anon. 1968). 

Since most of the livestock in this area are raised in yearlong 
cow-calf operations, high protein forage is required throughout the 
year to meet demands of growing calves and lactating cows. Waite 
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(1958) states that heavy fertilization and regular close cutting or 
grazing of a grass during the growing season is usually necessary to 
obtain maximum yield of dry matter and protein from tropical 
grasslands. The optimum level of fertilization and frequency of 
harvest vary with the grass. 

Since little information on management of buffelgrass, Bell 
rhodesgrass, blue panicgrass, and Kleberg bluestem for maximum 
production is available, a study was designed to test the effects of 
fertilizer rates and clipping frequencies on dry matter production 
and crude protein content of the herbage of these grasses. 

Study Area and Methods 

The study was conducted during the 1972 and 1973 growing 
seasons on the Texas A&l University farm approximately 1.5 km 
north of Kingsville in Kleberg County, Texas. The soil in the study 
area was a Clareville loam, a member of the fine, mixed hyperther- 
mic family of Pachic Arguistolls. 

Average rainfall for Kingsville is about 64 cm with peaks in May 
and September of 8 cm and 12 cm, respectively. March is usually 
the driest month with an average of about 4 cm. Occasionally, 
tropical hurricanes, which occur from June to November, add 
large amounts of rainfall. Otherwise, these months are usually 
relatively dry (Climatogical Summary 1971). During the 1972 
growing season, precipitation was above average in February, 
June, and July with 44, 22, and 14 cm, respectively. Spring 1973 
precipitation was slightly b.elow average, but not severe enough to 
reduce growth. 

Temperature in Kingsville averages 90 C in January and 36O C in 
July, and the average frost-free period is 3 14 days (Texas Almanac 
1971). The first killing frost during the study occurred in November 
26, 1972, and the last killing frost occurred on February 12, 1973. 

Before the grasses were planted, 3 composite soil samples from 0 
to 15 cm deep were randomly collected and sent to the Texas A&M 
Soil Testing Laboratory, College Station, Texas, for analysis of 
mineral deficiencies (Table I). The laboratory recommended a 
fertilizer rate of 156 kg/ha of nitrogen (N) and 44 kg/ha of phos- 
phorus (P). The other rates of 78 kg/ ha of N plus 22 kg/ ha of P and 
312 kg/ ha of N plus 88 kg of P were half and twice the recom- 
mended rate, respectively. 

Three plots, 5.5 by 30.5 m, of each of the 4 grasses were estab- 
lished on May I, 1972. Plant cuttings including roots, crowns, and 
approximately 5 cm of top growth above the crown were planted in 
6 rows in each plot. The experimental design was a randomized 
complete block arranged in a split-plot with species constituting 
the ‘main plot effect. Clipping frequencies and firtilizer levels were 
subplots in the split-plot design. 

On August 15, 1972, when all plants were well established, each 
plot was clipped to a uniform 5-cm stubble height. Immediately 
after clipping, fertilizer was surface applied at O-O, 78-22, 156-44, 
or 312-88 kg/ha N-P in 7.5 m wide strips across each block. 

Two rows of each plot were assigned a 4-week clipping frequency 
(clipped on September 15 and October 16, 1972; and April 15 and 
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Table 1. Fertility levels and pH of the soil of the study area where clipping frequency and fertilization was evaluated relstived to crude protein constants 
end be&age production of 4 grass species near Kingsville, Texas, during 1972-1973.’ 

Soil series PH 

Nutrient availability 

Ca Mg N 905 KZO 
kg/ ha Level2 kg/ ha Level Level kg/ha Level kg/ha Level 

Clareville 1.13 6720 VH 560 H L II0 H 1344 VH 

‘Based on testing procedures used by the Texas A&M University Soil Testing Laboratories. 
*indicates general level where L = low, VL = very low, M = medium, H = high, VH = very high. 

May 15, 1973). Two rows were assigned an 8-week clipping fre- 
quency (clipped on October 16, 1972, and April 15, 1973) and 2 
rows were clipped only on January 15, 1973. 

Standing crop was estimated from harvest of 2 m by 6.5 m areas 
to a 5 cm stubble height at each clipping date. Herbage was air 
dried at 500 C for 48 hours in a forced-air dryer. Dried samples were 
ground to pass a l-mm mesh using a Wiley mill. Crude protein 
content was determined by the Kjeldahl procedure as described by 
Brenner (1965). 

was approximately doubled by fertilizing at 3 12-88 kg/ ha N-P and 
harvesting every 4 or 8 weeks. 

Data were subjected to analysis of variance and treatment means 
were separated based on least significant differences at X.05 
(Steel and Torrie 1960). 

Total annual crude protein produced by buffelgrass was 
increased with increasing rate of fertilization for all frequencies 
except the two higher fertilizer rates clipped every 8 weeks (Table 
2). However, more crude protein was produced when buffelgrass 
was clipped every 4 or 8 weeks than when it was clipped only at the 
end of the growing season. The highest yield of crude protein by 
buffelgrass herbage occurred in plots receiving 3 12-88 kg/ ha N-P 
and clipped every 4 weeks. Plots which were clipped once at the end 
of the growing season produced 110 kg/ ha of crude protein with no 
fertilization and 180 kg/ha of crude protein with 312-88 kg/ha 
N-P. 

Results 

Buffelgnss 
Crude Protein Content 

Buffelgrass clipped to a 5 cm stubble height every 4 weeks 
produced herbage higher in crude protein content than when 
clipped every 8 weeks, or when clipped only at the end of the 
growing season, regardless of fertilizer level (Table 2). Herbage 
produced by buffelgrass clipped every 8 weeks was higher in crude 
protein than when clipped only at the end of the growing season in 
all plots receiving fertilizer. Crude protein content of herbage 
produced by buffelgrass harvested only at the end of the growing 
season was not influenced by fertilizer rate. At the end of the 
growing season, the majority of the vegetative matter was stems, 
while during other sampling dates the majority of the herbage was 
leaves which are higher in crude protein. 

Dry Matter and Total Crude Protein Content 
Dry matter production by buffelgrass increased with increasing 

rates of fertilization for all clipping frequencies except for the zero 
level. Buffelgrass clipped every 4 or 8 weeks produced more dry 
matter than when clipped only at the end of the growing season 
(Table 2). Compared to nonfertilized plots, dry matter production 

Bell Rhodesgrass 
Crude Protein Content 

Crude protein content of Bell rhodesgrass increased with 
increasing rates of fertilization within each clipping frequency. The 
greatest increase was obtained from the Cweek clipping frequency 
where crude protein was 11.3% in plots which received 312-88 
kg/ ha N-P compared to 7.8% in nonfertilized plots (Table 3). 
Crude protein content of Bell rhodesgrass herbage harvested every 
8 weeks was generally lower than when clipped every 4 weeks at a 
given level of fertilization. Herbage on fertilized plots harvested 
every 8 weeks averaged 5.1 Yc crude protein content, while forage 
on plots receiving 3 12-88 kg/ha N-P contained an average 9.4% 
crude protein (Table 3). Crude protein content in herbage from 
nonfertilized Bell rhodesgrass clipped only at the end of the grow- 
ing season was equal to nonfertilized herbage harvested every 8 
weeks. 

Dry Matter and Crude Protein Produced 
Topgrowth produced by Bell rhodesgrass was generally greater 

on plots clipped every 4 weeks than on those clipped every 8 weeks 
or only once at a given level of fertilization. Although crude protein 
content was equal in nonfertilized herbage from samples harvested 

Table 2. Herbye eg crop, crude protein content of herbq, and total Table 3. Herbage standing crop, crude protein content of berbp and total 
cndc protein etuulhg crop under different clipping end fertilization crude protein standing crop under different clipping and fertilhtion 
frutments of buffdgrar near Kingsville, Texas.* treatments of Bell rhodesg~ss near Kingsvilk, Texas’. 

Crude Crude 
Fertilization Dry protein protein 

Clipping rate matter content produced 
frequency @J-P, kg/ ha) (kg/ ha) (%) (kg/ ha) 
Every 4 weeks o-o 4002 a 7.3 a 291 a 

78-22 5979 b 8.9 b 533 b 
156-44 6062 b 10.9 c 661 c 
312-88 7115c 10.9 c 775 d 

Every 8 weeks o-o 3338 a 4.9 a I63 a 
78-22 7016 b 7.7 b 543 b 

156-44 7265 b 8.0 b 578 c 
312-88 8104 c 8.1 b 656 c 

End-of-growing o-o 2131 a 5.2 a IlOa 
season 78-22 2910 b 5.2 a 152b 

156-44 2907 b 5.1 a 149 b 
312-88 3004 b 6.0 a 180 c 

‘Means within a clipping frequency followed by the same letter are not significantly 
different at the 95% level. 

Crude Crude 
Fertilization Dry protein protein 

Clipping rate matter content produced 
frequency (N-P, kg/ ha) (kg/ ha) (%I (kg/ha) 

Every 4 weeks 0-o 4562 a 7.8 a 358 a 
70-20 6015a 9.3 b 563b 

140-40 7821 c 10.3 c 802 c 
d 280-80 6349 b 11.3 c 718 c 

Every 8 weeks o-o 4365 b 5.1 c 222 c 
70-20 5297 b 5.9 a 311 b 

140-40 6012 c 9.0 b 543 c 
280-80 6540~ 9.4 b 612d 

Once during year o-o 2090 a 5.0 a 105 a 
70-20 2096 a 6.0 a 125a 

140-40 2760 a 6.2 a I71 b 
280-80 2715 a 6.7 b I79 b 

‘Means within a clipping frequency followed by the same letter arc not sigttifcatttly 
different at the 9S% level. 
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every 8 weeks and once at the end of the growing season, there was 
more total crude protein content produced from the I-week clip- 
ping frequency. This increase was attributed to the higher dry 
matter produced on plots clipped every 8 weeks. The highest crude 
protein content of Bell rhodesgrass herbage was 802 kg/ ha on plots 
clipped every 4 weeks and fertilized with 1564 kg/ ha N-P. Clip- 
ping Bell rhodesgrass once during the year resulted in lowest crude 
protein content for most fertilizer rates. 

Blue Panicgrass 
Crude Protein Content 

At a given harvesting frequency and fertilization rate, blue 
panicgrass appeared to have the highest crude protein content of 
the grasses studied (Table 4). This apparent inherent ability to 
produce herbage of relatively high crude protein content resulted 
in a higher nitrogen demand as indicated by lack of plant vigor and 
chlorotic plants on nonfertilized plots. Crude protein content of 
blue panicgrass clipped every 4 weeks on nonfertilized plots was 
9.2%. Addition of 312/88 kg/ha N-P increased crude protein 
content to 16.9%. 

Blue panicgrass herbage from the every 8 weeks harvest was 
lower in crude protein content than that from clipping every 4 
weeks (Table 4). However, within the 8-week clipping frequency, 
the highest level of protein occurred in herbage from plots fertilized 
with the recommended rate (15644 kg/ ha N-P) or twice the recom- 
mended rate (312-88 kg/ha N-P). Crude protein content was 
doubled by the highest fertilization rate when clipped once during 
the year, compared to unfertilized herbage. 

Although no statistical comparisons were made between clip- 
ping frequencies, there was a trerid for herbage harvested every 4 
weeks to contain more crude protein than that from the I-week 
clipping frequency. Plots harvested only at the end of the growing 
season were clearly lowest in crude protein content (Table 4). 

Dry Matter and Crude Protein Produced 
Although more dry matter was produced by clipping every 8 

weeks, the greater amount of protein produced per hectare by the 
4-week clipping frequency was caused by a higher protein content. 
Blue panicgrass harvested every 4 or 8 weeks produced the least dry 
matter with no fertilization, and dry matter production increased 
with increasing mte of fertilization (Table 4). 

Within a clipping frequency total crude protein produced by 
blue panicgrass was lowest on unfertilized plots (Table 4). The 
lowest amount of total crude protein was produced on plots harv- 
ested only at the end of the growing season. At a given level of 
fertilization, blue panicgrass herbage produced more crude protein 
when clipped every 4 weeks than when clipped every 8 weeks. 

Table 4. Herbage standing crop, crude protein content of herbage and total 
crude protein standing crop under different clipping and fertilization 
treatments of Blue panicgrass near Kingsville, Texas*. 

Clipping 
frequency 

Crude Crude 
Fertilization Dry protein protein 

rate matter content produced 
(N-P, kg/ ha) (kg/ ha) (%) (kg/ha) 

Every 4 weeks o-o 2868 a 9.2 a 264 a 
78-22 4750 b 12.8 b 608b 

15644 6797 c 13.0 c 908 c 
312-88 6681 c 16.9 c 1126d 

Every 8 weeks o-o 
78-22 

156-44 
312-88 

Once during year o-o 
78-22 

156-44 
312-88 

3576 a 6.5 a 
6334 b 7.0 a 
7228 h 10.6 b 
7789 b 10.6 b 
1017 a 3.2 a 
1377 b 3.4 a 
1345 b 4.2 a 
1355 b 6.2 b 

232 a 
446b 
768 c 
823 c 

32 a 
47 a 
56 a 
84 b 

‘Means within a clipping frequency followed by the same letter are not significantly 
different at the 95% level. 

156-44 2455 b 4.1 a 100 b 
312-88 1670 a 4.5 a 79 a 

‘Means within a clipping frequency followed by the same letter are not significantly 
different at the 95% level. 
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Kleberg Bluestem 
Crude Protein Content 

Kleberg bluestem herbage generally contained less crude protein 
than other species studied. Fertilization did not significantly 
increase the crude protein of Kleberg bluestem herbage unless it 
was harvested every 4 or 8 weeks and fertilized at 3 12-88 kg/ ha N-P 
(Table 5). Crude protein content of Kleberg bluestem herbage 
ranged from 5.0 to 7.5% when clipped every 4 or 8 weeks with no 
fertilization, or rates of 78-22 and 15644 kg/ ha N-P. Crude pro- 
tein content of Kleberg bluestem herbage was increased to 8.3%or 
8.4% when clipped every 4 or 8 weeks, respectively, and fertilized at 
312-88 kg/ ha N-P. When clipped only once during the year, the 
crude protein content of Kleberg bluestem was not significantly 
increased by fertilization. 

Dry Matter and Crude Protein Produced 
Although there was a considerable amount of variability in the 

dry matter and crude protein produced by Kleberg bluestem her- 
bage among fertilizer rates and clipping frequencies, there was a 
trend for slightly more dry matter production when Kleberg blue- 
stem was clipped every 8 weeks. However, a slightly higher crude 
protein content produced by the 4-week clipping frequency 
resulted in crude protein production approximately equal to that 
produced on plots clipped every 8 weeks. Within a clipping fre- 
quency, dry matter production was not increased significantly by 
fertilization. Of all 4 species, Kleberg bluestem produced more 
total protein with no fertilization at all clipping frequencies. This is 
attributable to its maximum production of dry matter under the 
same conditions. 

Discussion 
The 4 grasses selected for this study are planted widely in south 

Texas. Bufflegrass is planted most extensively, with smaller 
acreages of Kleberg bluestem, blue panicgrass, and Bell rhodes- 
grass, roughly in that order. 

Fertilization has produced varying results on native ranges in 
south Texas. High rates of nitrogen fertilization increased forage 
production in the higher rainfall area along the coast (Drawe and 
Box 1967). No increase in forage production was obtained under 
lower rainfall (Drawe 1976). Conversely, McCawley et al. (1977) 
have obtained consistent increases in forage and livestock produc- 
tion using moderate levels of fertilization on Kleingrass, coastal 
bermudagrass, and Bell rhodesgrass. Our data indicated that each 
of the 4 species studied has the potential to respond to fertilization 
with the possible exception of Kleberg bluestem in the once-a-year 
clipping frequency. Further study is needed to determine optimum 

Table 5. Herbage standing crop,crude protein content of herbage and total 
crude protein standing crop under different clipping and fertilization 
treatments of Kleberg bluestem near Kingsville, Texasa. 

Clipping 
freauencv 

Crude Crude 
Fertilization Dry protein protein 

rate matter content produced 
(N-P. kni ha) (kg/ ha) (%) (kg/ha) . _ . . 1 .  I  .  

Every 4 weeks o-o 5961 a 6.6 a 390 a 
78-22 6495 a 7.5 a 485a 

156-44 5932 a 7.1 a 422 a 
312-88 6243 a 8.4 b 521 b 

Every 8 weeks o-o 8153 b 5.2 a 425 a 
78-22 8930 b 5.5 a 494 a .- -- 

156-44 
312-88 

6368 a 7.1 a 453 a 
6302 a 8.3 b 526 a 

Once during year o-o 3262 c 4.7 a 152 a 
78-22 2391 b 4.4 a 104b 



rates, combinations, and timing of fertilization. 
Buffelgrass is used most extensively of the four species studied 

because of its adaptability to the soils of the area, its productive 
potential, palatability, nutritive value, seed availability, and ease of 
establishment, among other factors. Our data indicate that buffel- 
grass has the potential to almost double production under proper 
conditions of fertilization and management. Its productive poten- 
tial is greater than Bell rhodesgrass and Kleberg bluestem and 
comparable to blue panicgrass. Crude protein production was 
second only to blue panicgrass. 

Long et al. (1969) found native Rhodesgrass in Uganda to 
contain 5.99% crude protein. This compares most closely to the 
crude protein content obtained in our study on plants clipped once 
during the year with no fertilizer, i.e., 5.0%. 

At College Station, Texas, Potts and Hansel (1947) reported 
Rhodesgrass furnished grazing from June I to November I. Crude 
protein varied from 6.77% with no fertilizer to 10.73% with 400 
pounds of superphosphate plus 400 pounds of sodium nitrate per 
acre. In our study, crude protein varied from 5.0% with no fertilizer 
and clipped once during the year to 11.3% with 280N-80P and 
clipped every 8 weeks. 

Blue panicgrass requires a high level of management for its full 
potential to be realized. Without proper grazing use, it becomes 
stemmy and unpalatable. Our study bears this out, in that we 
obtained very low dry matter yield under no fertilization and under 
once a year clipping. With higher fertilization rates and more 
frequent clipping, dry matter yields were increased two- to six-fold. 

In the arid and semiarid lands of western Rajasthanm Mondal 
and Chakavarty (1968) determined the crude protein of blue panic- 
grass to range from 8.65% to 16.28%. In Pakistan, Malikand Klan 
(1967) reported that blue panicgrass contained more crude protein 
(21.1 to 24.3%) than any other native grass present. At College 
Station, Texas, Lancaster (n.d.) reported blue panicgrass con- 
tained I I .52% crude protein with nofertilizationand 14.32scrude 
protein with nitrogen and phosphorus added. Rates of fertilization 
were not given for that study. In our study, crude protein varied 
from 3.2% on unfertilized plots clipped once during the year to 
16.9% on plots with 3 12N-88P and clipped every 4 weeks. 

Kleberg bluestem, a bunchgrass, grows in clumps with numer- 
ous slender stems l-3 feet high. Most of the leaves are basal, and its 
stemmy growth habit is related to the poor response to fertilization 
and increased clipping frequency as found in our study. 

Our study has shown that Kleberg bluestem has a low potential 
for improvement through management, at least with clipping or 
fertilization. Previously planted in mixtures with buffelgrass over 
much of the Rio Grande Plain, Kleberg bluestem is voluntarily 
spreading along roadsides, man-made drainages, and other dis- 
turbed areas from established stands. Planted with buffelgrass and 
grazed continously, the more palatable buffelgrass soon disap- 

pears from the stand and Kleberg bluestem becomes dominant. 
This may have led to an erroneous interpretation that Kleberg 
bluestem is a vigorous plant, more tolerant of grazing; thus many 
seeded ranges are left with a grass stand poor in nutritional quality, 
but not necessarily quantity. 
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Soil Bulk Density as Influenced by Grazing 
Intensity and Soil Type on a Shortgrass 
Prairie Site 
BRUCE P. VAN HAVEREN 

Abstract 

Soil bulk densities were measured on 2 soil groups under 3 
grazing intensities on shortgrass prairie in northeastern Colorado. 
On coarse-textured soils, sol1 bulk density means of the 3 grazing 
treatments were not signiftcantly different. On fine-textured soils, 
average bulk density in the heavily grazed pasture was 13.4% and 
11.8% higher than the lightly grazed and moderately grazed pas- 
tures, respectively. For both soil groups combined, bulk density on 
the heavily grazed pasture was only 6% higher than on the lightly 
grazed pasture. A signlficant grazing intensity X soil texture inter- 
action was present, indicating that soil compaction from grazing 
occurred primarily on fine-textured soils on the study site. 

Interest in rangeland hydrology, particularly the effects of graz- 
ing on soil and water processes, has intensified during the past 
several years. The potential for soil compaction is an especially 
important concern of wildland managers. 

Several reviews (Gifford and Hawkins 1976, American Society 
of Civil Engineers 1975, Heady et al. 1976) and a recent book 
(Branson et al. 198 1) have summarized the literature on the subject 
of rangeland hydrology. These reviews all offer conclusive evi- 
dence that trampling and vegetation removal by grazing animals 
influence surface watershed characteristics and runoff potential. 

Soil compaction has important hydrologic implications in terms 
of reduced infiltration rates, impacts on plant growth, and 
increases in runoff and erosion potentials (Orr 1975, Gifford et al. 
1977). 

Lull (1959) made a thorough review of soil compaction on forest 
and rangelands. He calculated the static ground pressures exerted 
by mature cattle to be 24 lb per square inch. However, during 
movement pressures may exceed this amount by4X as the animal’s 
weight is distributed from one hoof to another. Lull cited several 
studies that showed significantly increased bulk densities under 
heavy grazing. Later, Reed and Peterson (1961) found significantly 
higher bulk densities under heavy grazing compared to light graz- 
ing on both sandy loam and clay sites in the Northern Great Plains. 
In a study also conducted on the Northern Great Plains, Rauzi and 
Hanson (1966) found that differences between bulk densities of 
silty clay soils on heavily, moderately, and lightly grazed pastures 
were all highly significant. In a study in northeastern Utah, Lay- 
cock and Conrad (1967) found no measurable compaction due to 
grazing on loam and clay loam soils, and concluded that conflict- 
ing results from bulk density studies are due to varying soil and 
moisture conditions. They stressed that bulk density was signifi- 
cantly correlated with soil-water content and. warned that soil- 
water conditions should be as homogeneous as possible when bulk 
density is used to compare effects of grazing treatments on soil 
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compaction. As pointed out by Lull (1959), more force is needed to 
compact a dry soil than to compact the same soil when wet. 
According to Reynolds and Packer (1963) soils with large clay 
fractions compact the easiest. Lull (1959) concluded that medium- 
textured and well-aggregated soils had the potential for the grea- 
test compaction because of well distributed particle-size 
distributions. None of the studies reviewed by the author attemp- 
ted to analyze soil bulk density variance on the basis of both soil 
texture and grazing intensity. However, Lull (1959) did refer to a 
possible interaction between soil texture and compaction 
potential. 

Galbraith (1971) in a study also conducted at the Central Plains 
Experimental Range, reported finding a significant bulk density 
difference between nongrazed and heavily grazed sites on the 
Ascalon soil series. The heavily grazed sites showed a 12% increase 
in bulk density over the nongrazed sites. 

The objective of this paper was to explore the effect on soil bulk 
density of three different grazing intensities and two soil groups. 

Study Area and Methods 

Description of Study Area 
This study was conducted at the Central Plains Experimental 

Range near Nudn, Colo., approximately 45 miles northeast of Fort 
Collins, Colo. (Fig. I). Average annual precipitation for the Cen- 
tral Plains Experimental Range is I2 inches. The major soils on the 
study area included Ascalon sandy loam, Shingle loam, Shingle- 
Renohill complex, Renohill sandy loam, and Nunn loam. 

Vegetation on the study site is characterized by blue grama 
(Bouteloua gracilis) and buffalograss (Buchloe dactyloides), which 
are the dominant forage grasses. Red threeawn (Aristida longiseta) 
and other common mesic grasses are scattered throughout the 
lightly and moderately grazed pastures. Annual and perennial 
forbs are also found throughout the study area, but comprise only 
a minor part of the flora. 

This study was concentrated in 3 adjacent pastures, each 320 
acres in size. Cattle stocking rates averaged 4.1, 3. I, and I .8 acres 
per yearling heifer per month for the lightly, moderately, and 
heavily grazed pastures, respectively, for 30 consecutive years prior 
to this study. Season of use was approximately May 1 to October 
31 (Dyck and Bement 1971). 

Sampling Procedures 
In each pasture, a single straight-line transect was located per- 

pendicular to the main axis of the dry swales and located in such a 
way that each transect crossed all the major soil types in that 
pasture (Fig. 2). Sampling points were spaced 25 m apart on each 
of the transects, resulting in approximately 20 samples per tran- 
sect. Bulk density sampling was performed in midsummer when 
the soil surface was uniformly dry across all soil types and all 
grazing treatments. 

The soil bulk density samples were collected by means of a 
truck-mounted hydraulic coring device with a specially designed 
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Fig. 1. Map of study area within the Central Plains Experimental Range, 
northeastern Colorado. 

coring tube containing a sleeve of aluminum cyclinders of known 
volume. Undisturbed cores could be extracted from any desired 
depth. A review of the available literature suggested that for studies 
of soil compaction by animal traffic, samples should be taken from 
the surface 1 in. (2.5 cm) of the mineral fraction (Lull, 1959). The 
bulk density samples were 50 cm3 in volume, and taken from the 
top 2.5 cm of the mineral soil. Standard methods of sample hand- 
ling and laboratory analysis were followed as prescribed by Black 
( 1965). 

Data Analysis 
The bulk density samples were split into 2 different soil groups. 

L 

T&k 1. !3oil bulk dendty mana (g/cc) for the 3 grazing treatments and 2 
soil textural groups. 

Grazing intensity 
Soil group Heavy Moderate Light Average 

Coarse 1.38 1.45 1.38 1.41 
Fine 1.52 1.36 1.34 1.43 
Average I .45 1.42 1.37 1.41 

All samples taken from the Nunn loam, Shingle-Renohill complex, 
and Shingle loam soils were considered to be fine-textured soils. 
All other samples were classified as coarse-textured soils. 

Using a two-way analysis-of-variance (AOV) procedure 
(STAT3IV Program, Colorado State University Computer Cen- 
ter), bulk density means were tested for differences between both 
grazing intensities and soil type. Subsequently, a single AOV test 
was run for each soil type to test the differences in bulk density 
between grazing treatments. 

Results and Discussion 
The soil bulk density results are shown in Table I. The two-way 

AOV showed a significant grazing treatment effect at the 95% level. 
Combining all the soils, heavy grazing was 6% higher than light 
grazing. The single AOV performed on the fine-textured soils 
showed the bulk density means were significantly (95% level) heter- 
ogeneous. Tukey’s w-procedure from Sokal and Rohlf (1969) was 
run to clarify the heterogeneity. On the tine-textured soils, heavy 
grazing was significantly (13.4%) greater than light grazing and 
significantly ( 11.8%) greater than moderate grazing. There was no 
differences between light and moderate grazing. Soil bulk density 
means for the course-textured soils for the 3 grazing treatments 
were not significantly different. Also, there were no bulk density 
differences between coarse-textured soils and fine-textured soils 
with all grazing intensities included. The two-way AOV indicated a 

Fig. 2. Light (a), moderate (b), and heavily-grazed (c)pastures wirh their associated sampling transects. Shaded area indicotesfine-textured soils. 
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Fig. 3. Soil bulk density meansfor heavy(H), moderate (M), and light (L) 
grazing intensity on two soil groups. 

soil type X grazing intensity interaction significant at the 95% level. 
This interaction is shown graphically in Figure 3. 

Conclusions and Management Implications 
In this study the effect of grazing intensity on soil bulk density 

depended highly on soil type. Coarse-textured soil bulk densities 
were not affected by grazing intensity. Bulk densities on fine- 
textured soils increased with grazing pressure.. As there were no 
statistically significant differences in bulk density between light 
and moderate grazing, both soil groups could support moderate 
grazing with no compaction effect. 

Although Orr (1975) stated that bulk density is not necessarily a 
good indicator of infiltration, several prior studies have indicated 
the opposite. For Packer (1953, 1963) and Rauzi and Hanson 
(1966), infiltration rate was highly correlated with soil bulk den- 
sity. Meeuwig (1965) reported that for subalpine range in Central 
Utah, infiltration capacity was influenced primarily by soil bulk 
density and noncapillary porosity. The summary data presented by 
Dortignac and Love (1961) also indicate a relationship between 
bulk density and infiltration rate. 

Rauzi and Smith (1973) collected infiltmtiondata on the Central 
Plains Experimental Range. They concluded that during the first 
10 minutes of the infiltration process only the effect due to soils ~8s 
significant. After 15 minutes of infiltration, grazing influences were 
detectable. After 20 minutes, soil and grazing effects were equally 
important. After 30 minutes, the interaction between grazing 

intensity and soil type was important. These results, compared 
with those reported in the present study, indicate a strong relation- 
ship between soil bulk density and infiltration. 

The land management implications of this study and prior soil 
compaction studies are quite clear. Significant soil compaction 
may occur on rangeland soils at certain grazing intensities. The 
degree of soil compaction, as measured by bulk density, depends 
on the texture of the soil as well as on the water content of the soil at 
the time of grazing and the percentage of organic matter in the 
surface soil. For the Central Plains Experimental Range, soil 
compaction is more likely to occur on fine-textured soils in heavily 
grazed pastures. By inference, infiltration rates could likely be 
affected similarly. 
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Spring Livestock Grazing Affects Crested 
Wheatgrass Regrowth and Winter Use by 
Mule Deer 
DENNIS D. AUSTIN, PJ. URNESS, AND L.C. FIERRO 

Abstracts 

Areas grazed and ungrazed by cattle in spring were compared for 
regrowth of crested wheatgrass on a big sagebrush-grass range. 
Overwinter utilization of crested wheatgrass by tame mule deer 
and their grazing area preferences were assessed under 3 snow 
cover conditions-snow free, partial, and complete. Results 
showed regrowth production was usually higher on areas pre- 
viously ungrazed by livestock. Overwinter utilization of crested 
wheatgrass by deer was determined to be greater on ungrazed areas 
in both percentage of available grass used and weight per unit area 
consumed. Thus, interference from cured growth limiting green 
grass availability was more than compensated by increased pro- 
duction. The percentage of grass in the diet was generally higher on 
areas ungrazed by cattle, and deer preferred the-se areas under snow 
free and partial snow cover conditions; no preference was exhi- 
bited during complete snow cover. Recommendations for livestock 
grazing of seeded, foothill ranges where deer use is critical are 
discussed. 

Few winter rangelands are used exclusively by either domestic or 
wild ungulates, rather, use is usually sympatric, but not necessarily 
simultaneous. Critical foothill ranges used by mule deer (Odocoi- 
leus hemionus) in the winter are typically grazed by livestock 
during spring, fall or both. As demands for and values of wildlife 
recreation increase, managing these critical ranges primarily for 
wildlife habitat becomes monetarily and socially justifiable (Hen- 
dee 1974, Wennergren et al. 1977). The purpose of this study was to 
determine the influence of spring livestock grazing on a big sage 
brush (Artemisia tridentata) crested wheatgrass (Agropyon deser- 
torum) range on overwinter forage utilization and area choice by 
mule deer. 

Study Area 
The study site was located near Henefer in northern Utah. The 

rolling foothill topography, most slopes 5-l 5%. had a mean eleva- 
tion of 1,700 m and well-drained loam and sandy-clay-loam soils. 
Following a 1965 wildfire on the native big sagebrush-grass com- 
munity, that portion of the area was seeded to crested wheatgrass. 
During this study, crested wheatgrass dominated forage produc- 
tion with lesser amounts of big sagebrush and other browse and 
forb species. The land was purchased in 1975 by the Utah Division 
of Wildlife Resources. Since then, livestock grazing has been 
limited to spring (May-June) to provide fall regrowth of crested 
wheatgrass and increased browse forage for wintering deer. 

Methods 

Summer growth production, spring cattle utilization, and fall 
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regrowth production of crested wheatgrass were determined for 
the 3-year period 1975 through 1977. At each of 6 sites having a 
common exposure, 7 paired, l-m2 plots were established. These 42 
pairs of circular plots were replicated on 4 exposures-flat, ridge, 
south, and northwest aspects for a total of 168 paired plots. One of 
each pair was protected with circular (diameter= 1.7 m) mesh-wire 
cages for grazed-ungrazed comparisons. Plots were systematically 
established prior to cattle grazing and baskets were randomly 
assigned within pairs. Two pairs were clipped at each site in mid- 
summer to determine summer production and utilization. Five 
pairs were clipped at each site in late fall to determine regrowth 
production, with samples separated into green and cured portions. 
All samples were oven-dried at 1OYC for 24 hours prior to 
weighing. 

In spring, 1979, prior to livestock use, 5, l.O-2.0-ha sampling 
areas were established. Half of each area, selected by coin toss, was 
fenced to exclude cattle. Five paired l-m* plots were established in 
each grazed unit prior to cattle use to determine summer produc- 
tion and percent utilization. One of each pair was protected from 
use by a mesh-wire cage. Following grazing these plots were 
clipped. After clipping, 4 of the sampling areas were entirely fenced 
to a height of 2.5 m, as enclosures for overwinter grazing trials 
using tame mule deer. The fence on the fifth area was removed to 
allow unimpeded access in winter by wild deer. Five paired plots (1 
m*) were then established in both the livestock-grazed half and 
ungrazed portion in each of the sampling areas to determine 
regrowth production and deer utilization of crested wheatgrass. 
This second series of plots was clipped soon after snow melt in the 
spring. Materials were treated as above. 

To characterize the vegetal community within each sampling 
area, fall forage production of species other than crested wheat- 
grass was determined using the weight-estimate technique. On each 
of the 5 areas, 30 microplots (20 X 50 cm) were read along each of 6 
belt transects established between opposite fence posts. Estimates 
were converted to an oven-dry basis via clipped samples. 

Tame, female mule deer (1 fawn, 1 yearling, and 1 mature) were 
used to determine diet and treatment selection within the 4 enclo- 
sures. All 3 deer were observed in 4 enclosures during each trial 
period on a rotational basis. Deer were kept in a O&ha holding 
enclosure between sampling periods throughout the winter, and 
during the 8day acclimatization period prior to the first trial. Deer 
were fed alfalfa hay ad libitum only within the holding enclosure. 
Diet was determined using the bite count method (Wallmo and 
Neff 1970), and bites were converted to oven-dry weight via hand 
plucked, simulated bites. Each trial consisted of sampling individ- 
ual deer for 5,30_minute foraging periods within each enclosure. If 
weather and snow conditions significantly changed during a trial, 
the data were disregarded. Single trials were completed under snow 
free, partial, and complete snow cover conditions, during early 
spring, late fall, and mid-winter, respectively. Selection of grazed 
and ungrazed treatments for feeding was determined by scan sam- 
pling (Altmann 1974) at Cminute intervals for a minimum of 2-H 

589 



Table 1. Mean summer production (kg/ha) and cattle utilization (%) of crested wheatgrass on 4 aspects, and tXi regrowth production (kg/ha), 1975-77. 

Aspect 

Summer production % Utilization 

1975 1976 1977 1975 1976 1977 Treatment 

Regrowth production 

1975 1976 1977 

Flat ii87 1115 915 93 94 77 

Ridge 1064 841 849 63 85 76 

South slope 758 623 534 68 88 63 

Northwest slope 764 725 481 60 75 61 

Mean 943 826 694 71 86 69 

Grazed 32.7 11.7 65.8 
Protected 26.8 16.3 92.6 

Grazed 34.3 15.8 114.5 
Protected 21.9 15.3 150.9 

Grazed 32.0 10.6 60.5 
Protected 19.0 10.2 88.5 

Grazed 9.0 6.4 56.6 
Protected 7.4 3.5 58.9 

Grazed 27.0 11.1 74.4 
Protected 18.8*’ 11.3 97.7*’ 

YQnificantly different at pI.OS. 

hours per deer per enclosure per trial. Grazing activity was 
recorded only during those instances when the observed deer was 
selecting forage. 

Results 

The production of fall regrowth of crested wheatgrass was deter- 
mined to be highly variable (Table 1). In 1975, under moderately 
droughty, fall conditions, regrowth was significantly greater 
(K.05) on grazed plots. During fall 1976, drought was severe and 
regrowth was about the same on grazed and protected plots. 
Amounts of regrowth were low in both 1975 and 1976. Precipita- 
tion in fail of 1977 was above average and regrowth production was 
high and significantly greater (x.05) on protected plots. With 
normal precipitation, overwinter regrowth production in 1979-80 
was again significantly higher (x.05) in areas protected from 
cattle grazing (Table 3, Columns 3, 5). 

Although the 5 enclosures were located in the same general 
habitat and none were separated by more than 1 km, important 
differences existed (Table 2). Enclosure #I contained considerable 
bushy birdbeak (Cordylanthus ramosus), a warm-season forb 
often found in association with big sagebrush. In enclosure #2 all 
browse species above 15 cm height were removed in 1977 to reduce 
their potential influence on treatment selection by deer. Enclosure 
#3, on a slightly southern exposure, had the highest production of 
Douglas rabbitbrush (Chrysorhamnus viscidiflorus). The holding 
pen was constructed along one edge of the grazed portion of 
enclosure #4. Enclosure #5 was used only by wild deer. 

The overwinter (1979-80) crested wheatgrass regrowth produc- 
tion, consumption by deer and standing cured growth were all 
generally higher in the ungrazed areas (Table 3). The areas grazed 
by cattle had significantly less regrowth remaining than areas 
ungrazed on plots protected from deer use (K.01) and those 
unprotected (K.06). More importantly, deer consumed a signifi- 
cant 2.3 times more green grass on the ungrazed areas (K.05). 
Cured growth was avoided. However, the percentage of available 

grass consumed was close between grazed and ungrazed areas with 
means of 27 and 3i%, respectively. Cured growth, as would be 
expected under heavy spring grazing, was substantially greater on 
areas ungrazed by livestock (K.05). Ratios ranged from about 
3-11 times mores cured material on protected areas and deer 
encountered considerable interference when selecting for green 
regrowth at plant bases. No differences were determined between 
those enclosures used by tame deer and that used by wild deer. 

During late winter an opportunity to observe wild and tame 
fawns feeding together occurred when a wild fawn entered enclo- 
sure#3 with the tame fawn. During the second day of containment 
the wild fawn showed no visual .signs of nervousness or stress. The 
deer were observed from an on-site blind, elevated 2.5 m above 
ground level, using a 20X spotting scope at maximum distance of 
30 m for 7consecutive hours. Snow cover was 69% and mean depth 
was 10 cm. Diets for both deer were determined simultaneously by 
alternating observations while they grazed. Observations of the 
deer would shift when the deer observed lifted its head from the 
forage being consumed. Activity was recorded at 2-minute inter- 
vals (Aitmann 1974) and included grazing, standing, walking, 
lying, ruminating, and other. Diet and activities were highly corre- 
lated between deer (Table 4). 

The proportion of regrowth crested wheatgrass in the diet of 
mule deer varied with snow cover condition, and whether the area 
had been grazed the previous spring by cattle (Figure 1). Under 
partial snow cover conditions, differences in the dietary contribu- 
tion of crested wheatgrass consumed by deer between areas pre- 
viously grazed or ungrazed were significant (x.01). During this 
trial, cured grass had considerable effect on snow melt, acting as a 
black body (Figure 2). Snow depth ranged from 5-7 cm and snow 
cover 26-53% on ungrazed areas, and 12- 15 cm with 82-92s snow 
cover on the grazed half. Percentage of grass in the diet under these 
conditions averaged 69.5 and 17.2% in ungrazed and grazed areas, 
respectively. The least amount of grass was consumed during 
mid-winter when snow depths averaged 3 i cm and snow cover was 
100%. Under these conditions dietary contribution of grass was 

Table 2. Summer 1979 vegetai production (kg/ha) and cattle utilization (%) of crested whutgmss. 

ChlpO- Xanrho- Chryso- Cordy- 
Anemisia thmanus cephalum thamnus lanthus Circium Agropyron Total 

Enclosure tridentora viscidiforus sarothrae nauseosus romosus arveiue Other forbs desertorum production 

1 215 28 60 55 51 T’ T 709 (85) 1118 
2 1 8 13 T 0 21 2 1975 (86) 2020 
: 211 187 74 41 96 13 5: 1: T 3 ; 1111 543 (81) (83) 1533 818 

5 331 102 30 22 9 I 657 (82) I178 
Mean 189 57 28 18 7 I 999 (83) 1333 

‘TC1.0 kg/ha. 
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Deer trampling loss 
Old growth I 45.9 61.8 165.6 188.1 15.9 22.5 

2 71.4 80.3 780.3 948.5 8.9 168.2 
3 59.4 75.7 297.6 383.9 16.3 86.3 
4 54.3 120.9 285.4 326.4 66.6 41.0 
5 46.6 67. I 302.3 334.2 20.5 31.9 

Mea”* 55.5* 8l.T 366.2b 436.2b 25.7’ 7o.ob 

‘Means Wifh differing E”perscriptS dIfferen, at K.05 level. 

higher on ungrazed areas (X.01), but it averaged only 3.9% and 
less than I % on the ungrazed and grazed areas, respectively. Under 
snow-free conditions, the proportion of grass in the diet was high, 
but means were not statistically different between grazed and 
ungrared areas where percentage of grass in the diet averaged 
86.1% and 82.4% (Fig. I). 

During partial snow cover conditions, an average of 80.0% of 
time feeding was spent in ungrazed areas and only 20.0% in grazed 
areas (Fig. 3). As might be expected under deep snow conditions, 
deer showed no preference for grazed or ungrazed areas, spending 
47.4% and 52.6% of feeding time, respectively. However, under 
snow-free conditions preference for ungrazed areas was evident 
with deer averaging 66.6% and 34.4% in ungrazed and grazed 
areas, but the relationship was not consistent. For unknown rea- 
sons, deer preferred the grazed area in enclosure #I. 

Discussion 

The results from this study showed that under heavy spring 
utilization of crested wheatgrass by cattle, fall regrowth was varia- 
ble. Data from Urness (1966) suggested fall regrowth was slightly 
higher on grazed than ungrazed plots following heavy spring use. 
Based on our results, greater fall regrowth production would be 
expected on ungrazed areas during years of normal or above 
normal precipitation, whereas grazed areas may have some advan- 
tage during droughty years. Furthermore, a higher overwinter 

availability would be obtained on ungrazed areas particularly 
during winters having long periods of partial snow cover. Also, 
greater regrowth and new growth production in spring would be 
expected on ungrared areas. Sneva (1980) reported standing dead 
material in spring increased production in Agropyron inerme. 
Other investigators studying bluebunch wheatgrass (Agropyron 



Table 4. Diet and activity comparison of wild and tame female fawns. 

Plant species 

Agropyron deserrorum 
Artemisia tridentata (leaves) 
Chrysorhamnus viscidiflorus 
Arremisia rridentata (seed stalks) 
Xanthocephalum sarothrae 

Total bites 

% Diet (Bites) 
Wild fawn Tame fawn 

23.2 26.7 
25.4 24.2 
51.1 48.6 
0.3 0.4 
0.0 0.1 

1175 819 

Activity 

Grazing 
Standing 
Walking 
Lying 
Ruminating 
Other 

Total observations 

% Time 
Wild fawn Tame fawn 

11.8 14.2 
45.3 41.5 
4.2 1.4 
26.4 27.4 
10.8 13.7 

1.4 1.9 
212 212 

00 - 

% 
rim 00. 

Grazing 70 _ 

GO - 

50 - 

40. 

30. 

20. 

IO. 

Fig. 3. Percentage ofgrazing time spenr by mule deer within areas grazed 
and ungrazed by cattle in spring during snowfree, partial, and complete 
snow cover conditions. 

spicatum) reported decreased production in spring when standing 
dead material was previously removed (Rickard et al. 1975, Sauer 
1978, Willms et al. 1980). 

The inhibiting effect of cured grass on the grazing of regrowth by 
deer is difficult to assess. In this study, such a physical barrier 
appeared less important than the total amount of regrowth availa- 
ble. Considering the large differences in consumption and prefer- 
ence between grazed and ungrazed areas, the inhibiting effect 
appeared minor. Contrary to our findings, Lamb (1966) suggested 
that when the physical barrier imposed by coarse old grass is 
considered, grazed plots would produce more available growth. 
Also, Leckenby (1968) reported 40-60% of fall regrowth of crested 
wheatgrass was removed by deer when summer cattle grazing was 
allowed, but only IO-20% was consumed when cattle were 
excluded. Willms et al. (1979) reported heavy fall or spring grazing 
by cattle made spring forage in fields dominated by bluebunch 
wheatgrass more attractive to deer than ungrazed fields. However, 
Willms et al. (1981) determined deer displayed distribution prefer- 
ence for the ungrazed field in early spring until new green growth 
exceeded stubble height on grazed areas. 

growth advantage over time and the proportion of shrub produc- 
tion increases. Conversely, where growing-season livestock graz- 
ing has been eliminated and winter use of shrubs continues, the 
growth advantage is shifted to the grasses (Scatter 1980). The 
question then becomes how to manage big sagebrush-grass, and 
particularly seeded, ranges where mule deer are an important 
consideration. 

Three factors warrant consideration in defining the effects of the 
barrier formed by standing dead material: (1) coarseness and 
amount of old growth; plants not grazed heavily by livestock for 
several years would have more coarse material than those grazed 
periodically and the inhibiting effect would be increased, (2) effec- 
tiveness of the coarse grass in reducing snow cover and inducing 
increases in growth, and (3) time of use; since the barrier would be 
lessened due to overwinter decomposition, deer using grass prim- 
arily in spring would encounter less cured material than if use 
occurred during fall or winter. We noted a strong tendency for 
standing dead crested wheatgrass, ungrazed for 1 year, to be mat- 
ted down by winter snow making new growth more readily availa- 
ble in spring. 

In general, rest-rotation management of crested wheatgrass 
ranges is seldom warranted, but foothill areas, having a diverse mix 
of nat‘ive and seeded types and receiving significant deer use, 
appear to be an exception. Although grass is important in deer 
diets, browse species become critically important as snow depth 
increases (Austin and Urness, in press). Consequently, the amount 
of winter range which should be protected from livestock grazing 
would be inversely related to snow depth and duration. Our 
recommendation, assuming adequate stands of big sagebrush and 
other shrubs presently exist to sustain the current or desirable 
number of deer, is to determine the percentage of a harsh wintering 
period that would have 100% snow cover or snow depths exceeding 
20 cm, and use that percentage as the proportion of range to be 
grazed by livestock in late spring and early summer on a yearly 
basis. Grazed areas should be rotated with those ungrazed, and 
several small, scattered areas would be preferable to a few large 
units. For example, in our study area winter deer use continues 
about 5-l/i months and during a harsh winter about 3-l/i months 
may be expected to have deep snow. Thus about 213 of the area 
should be grazed yearly with I/ 3 rested. Anderson and Scherzinger 
(1975) reported similar recommendations. 
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Rotational vs. Continuous Grazing Affects 
Animal Performance on Annual Grass- 
Subclover Pasture 
STEVEN H. SHARROW 

Abstract 

Performance of Romney ewes and their lambs grazing an annual 
grass-subclover hill pasture was evaluated under both five- 
paddock rotational and continuous grazing management treat- 
ments during 1977 and 1978. Live weight gains of ewes and lambs 
tended to be greater under rotational than under continuous graz- 
ing during the spring or fall green-feed periods. During the summer 
dry-feed period, however, sheep maintained thefr body weight 
better under continuous than under rotational grazing. These data 
support the hypothesis that rotational grazing most effectively 
improves animal performance during the green-feed period, per- 
haps through its reguhtion of pasture production. 

A common goal of rotational grazing systems is to increase 
forage production by controlling the frequency and intensity of 
pasture defoliation. Increased herbage production from rotational 
compared to continuous grazing management systems has been 
reported for perennial ryegrass (Ruane and Raftery 1964, Young 
and Newton 1975) and for perennial ryegrass-white clover (Trifo- 
lium repens) pastures (Marsh and Laidlaw 1978). This increase is 
thought to result from the maintenance of a more nearly optimum 
Leaf Area Index (LA1 = leaf area per unit ground area) than is 
achieved under continuous grazing (Smetham 1973). 

But as Young and Newton (1975) pointed out, increased forage 
production will result in superior animal production only if the 
additional forage available is consumed. Lambourne (1956) con- 
cluded that where feed supply was insufficient under continuous 
grazing, the extra feed produced under rotational grazing led to 
improved lamb growth. When feed supply was already adequate 
on continuously grazed pastures, the additional forage produced 
by rotational grazing became rank, causing a decline in forage 
quality. Lamb growth suffered. This same principle is well illus- 

trated by the stocking rate X grazing management interaction 
discussed by Robinson and Simpson (1975). They noted that 
animal performance under rotational grazing only exceeded that 
of continuous grazing at intermediate to high stocking rates. When 
stocking rates were either very low or extremely high, rotational 
grazing tended to reduce animal performance. 

A second goal of rotational grazing is to improve the efficiency 
by which forage is harvested and converted to salable animal 
products. Continuous grazing allows livestock a considerable 
amount of dietary selectivity (Heady 1961). This selectivity, while 
allowing animals to choose a high quality diet (Weir and Tore11 
1959), often results in overutilization of the most preferred plants 
allowing less preferred plants to become rank and of low quality 
(Sharrow and Krueger 1979, Smetham 1973). Undesirable shifts in 
species composition of the sward may follow as unpalatable species 
increase and as low growing plants such as clovers are shaded out 
(Smetham 1973). The high animal density for a short period of time 
employed by rotational grazing systems tends to increase grazing 
pressure, thus suppressing dietary selectivity by animals. This 
favors a more even utilization of all forage produced. The nonuse 
period immediately following grazing favors the growth of clovers 
and provides for production of high quality grass regrowth for 
grazing during the next rotational cycle (Smetham 1973). Since 
dietary selectivity may be suppressed under rotational grazing, it is 
important that ample high quality forage be present on each pad- 
dock if high animal performance is desired. Heady (1961) 
expressed concern about the implications of reduced dietary selec- 
tivity of livestock if rotational grazing systems were applied to the 
California annual grassland. He suggests that livestock production 
would suffer if animals were concentrated on small areas even for 
short periods of time due to reduced quantity and quality of forage 
available per animal. 

U 
Author is associate professor, Department of Rangeland Resources, Oregon State 

Although both continuous grazing and rotational grazing sys- 
niversity, Corvallis 97331. terns are widely used in western Oregon, acomparison of these two 
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systems has not been made on annual grass-subclover pastures. 
The objective of this paper is to discuss the effects of rotational and 

JOURNAL OF RANGE MANAGEMENT 36(5), September 1983 593 



continuous grazing on the performance of ewes and lambs grazing 
annual grass-subclover under heavy stocking rates. 

Table 1. Speeiaa composition (% of weight) and standing crop (kg//ha) of 
herbage present prior to stocking of pastures grazed continuously (C) 
and rotationally (R). 

Materials and Methods 
Information presented in this paper is taken from the final 2 

years of a 6-year study. Animal performance data from the initial 4 
years of the study were previously reported by Sharrow and 
Krueger ( 1979). 

18 May 1977 I5 April V978 

Research was conducted during 1977 and 1978 at the Soap 
Creek Ranch, approximately 20 km north of Corvallis, Ore. Eleva- 
tion is approximately 100 m. The climate is maritime with cool, 
rainy winters and hot, dry summers. Mean annual precipitation is 
103 cm. 

Species C R C R 

Vulpia myuros (rattail fescue) 62 61 48 52 
Bromus mollis (softchess) 9 9 II 13 
L&urn perenne (perennial ryegrass) 4 1 3 T 
Tk~olium subterraneum (subclover) 20 19 32 29 
Misc. grass T 2 2 I 
Misc. forbs 5 8 4 5 

One half of the 2-ha study area was continuously grazed 
throughout the grazing season (approximately April-December). 
The remaining one half was subdivided into 5,0.2-ha paddocks and 
rotationally grazed. A flock of ewes and their lambs sequentially 
grazed each paddock for 4 days. Each paddock was thus grazed 4 
days, then allowed 16 days to recover before being grazed again. 
Both experimental pastures were stocked with Romney ewes and 
their lambs at a rate of 12 ewes/ ha throughout the grazing season 
each year, beginning in 1973. When number of lambs differed 
between treatment pastures, stocking rates were equalized by 
adding dry ewes at a rate of I ewe/ 2 lambs. At the beginning of this 
study in 1977, after 4 years of heavy grazing (Sharrow and Krueger 
1979), both experimental pastures were dominated by rattail 
fescue, softchess, and subclover (Table I). 

Standing crop 1800 2100 1400 1600 

reflect this difference in the age of lambs on the two treatments. 
Apparently, the greater weight loss experienced by rotational ewes 
around breeding time in September 1977 resulted in delayed con- 
ception compared to continuously grazing ewes. 

Health care and maintenance of the animals followed standard 
recommended procedures (Klinger and Hohenboken 1978). Ewes 
were fed supplemental barley (0.5 kg/ewe/day) from 2 weeks prior 
to and during the 40day breeding season in mid-September each 
year. Sires were exchanged between the 2 treatments midway 
through each breeding season. Ewes were supplemented with 
approximately I kg/ewe of tall fescue (Festucu urundinuceae)- 
subclover hay every other day from early November until 
December when they were moved to the lambing barn. Water and 
salt were available ad libitum. 

Once on pasture, rotation lambs gained weight as fast as (1978, 
p>. 10) or faster than 1977, (PC.01) continuously grazing lambs 
(Table 2). Two-year average peak live weight of lambs grazing 
rotationally was 2.5 kg/lamb or 8% higher (PC.05) at the end of the 
green-feed period in July than that of lambs grazing continuously 
(Table 3). These data are similar to the 8%, IO%, and 14% increases 
in weaned lamb weights observable in data reported from rota- 
tional vs. continuous grazing schemes by Lambourne( 1956), Shar- 
row and Krueger (1979), and Young and Newton (1975), 
respectively. 

Table 2. Average daily gains (g/head/day) of sheep from rotational (R) 
continuous (C) grazing treatments. 

Average daily gain’ 
Ewes Lambs 

Both ewes and lambs were weighed every 2 weeks until weaning. 
Lambs were weaned and removed from the experiment when no 
weight gain was recorded between 2 consecutive weigh dates. 
Thereafter, ewes were weighed monthly. 

Period C R C R 

16 May to I8 July 1977 -9Ozt I4 -2til8* 401t8 lOti8** 
1 April to 26 June 1978 7O&l4 701l114 itill 2701tl2 
18 July to IS September 1977 -1MlO -4tilOt 
26 June to 14 September 1978 -1201t9 -lSHl4’f 

Herbaceous standing crop was estimated in the spring imme- 
diately prior to starting the trial each year. Standing crop in 10, 
0.2-rnz quadrats was harvested at ground level in each pasture. All 
samples were dried for 3 days at 5oOC prior to weighing. Species 
composition was determined by hand sorting. 

15 September to-l December 
1977 7Ml8 9ofl4 

‘Data given as mean f standard error. 
**VRotational and continuous grazing management treatments differ K.05, 
K.01, PC.10, respectively. 

Treatment effects were compared by standard analysis of var- 
iance techniques utilizing individual animals and plots as replica- 
tions. Live weights of ewes and lambs were corrected to a common 
beginning weight by covariance analysis prior to statistical com- 
parison. 

Results and DJscussion 
Species composition and total standing crop of forage prior to 

stocking with sheep (Table I) did not differ (p>. IO) between the 
rotationally or continuously grazed pastures either year. Species 
composition of the pastures did differ between years, however, 
with both pastures having more subclover (X.05) and less rattail 
fescue (K.05) in 1978 than in 1977. These observations are not 
surprising as annual grass pastures tend to reflect climaticdifferen- 
ces from year to year more strongly than they do past differences in 
grazing management (Heady 1961). 

Initial weight of lambs when first turned onto pasture (Figure I) 
did not differ between treatments in 1977 (m.10). In 1978, how- 
ever, initial weight of lambs from’the rotational grazing treatment 
was approximately 4 kg/lamb less (p<.OI) than lambs from the 
continuous grazing treatment. The average age of rotation lambs 
was I3 days less (p<.OI) than that of lambs from the continuously 
grazed pasture. Differences in lamb turn-in weights are believed to 

Seasonal live weights of ewes and lambs (Fig. I and 2) followed 
trends similar to those discussed by Sharrow and Krueger (1979). 
Ewes in the rotationally grazed pasture maintained body weight 
(Table 3) as well as (1978, p>. 10) or better than (1977, K.05) ewes 
on the continuously grazed pasture during the spring green-forage 
period. Live weights of rotational ewes, averaged over the 2 years 
of the study, were 4% higher (PC.10) than those of continuously 
grazing ewes at the end of the green-feed period in July. In contrast 
to the green-feed period, no advantages of rotational over continu- 
ous grazing were evident in ewe live weights during the summer 
dry-feed period. In fact, ewes lost more weight under rotational 
grazing than under continuous grazing during this period (p<. 10). 
Poor animal performance during the summer largely negated the 
benefits gained from rotational grazing during the spring. The net 
result was similar (1977, p>. IO) or lower (1978, X.05) live weights 
of rotational compared to continuously grazing ewes in Sep- 
tember. Once pastures began to green up following fall rains, 
weight gains of rotationally grazing ewes tended to exceed those of 
ewes grazing continuously, although the differences was not statis- 
tically significant (n.10). As a result of superior weight gains 
under rotational grazing during both the spring and fall periods, 
rotational ewes ended the 1977 grazing season an average of 3.9 
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Fig. 1. Average seasonal live weights (kgllomb) of lambs from conrinu- 
ously grazed (C) and rotationally grazed (R) pastures. 

kg/ewe heavier (X.10) than their continuously grazing 
contemporaries. 

The seasonality of animal response to grazing management may 
be explained in light of the characteristics of rotational grazing 
schemes discussed in the introduction. Increased pasture produc- 
tion resulting from more rapid plant growth during the nonuse 
period is often reported as a major advantage of rotational grazing 
compared to continuous grazing systems (Lambourne 1956, 
Ruane and Raftery 1964, Walker 1968). Therefore, it is reasonable 
to expect the most benefits from rotational grazing will occur 
during the green forage period when plants are actively growing. 
This trend can be seen in data presented by Denny and Barnes 
(1977) and Robinson and Simpson (1975), as well as in that of 
Sharrow and Krueger (1979). Morley (1968) further suggests that, 
within the green-feed period, rotational grazing should have its 
maximum impact upon animal performance during the winter 
through early spring period when livestock production is fre- 
quently limited by the quantity of pasture forage available. The 
response to rotational grazing observed in this study during 
September-December 1977 is consistent with this view. 

y” 
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Fig. 2. Average seasonal live weights (kg/ewe) of ewesfrom continuously 
grazed (C) and rotationally grazed (R) pastures. 

Table 3. Covariance corrected average live weight of ewes and their lambs 
from pastures grazed continuously (C) or rotationally (R). 

Ewe live weight Lamb live weight 
(kg/ewe) (kg/ lamb) 

Date C R C R 

I8 July 1977 55.1 59.2*’ 28.4 32.0’ 
26 June 1978 67.0 68. I 31.2 38.5 -~-- 
Two-year average 61.0 63.7t 32.8 35.3 

I5 September 1977 54.4 56.9 
I4 September 1978 58.3 55.3* -- 
Two-year average 56.3 56.1 

I December 1977 59.9 63.8t 

‘*,tRotation differs from continuous grazing KY.05 and K.IO, respectively. 

Conclusions 
Increases in animal live weight resulting from rotational grazing 

in the spring were modest, being approximately 8% higher for 
lambs and 4% higher for ewes thanunder continuous grazing. In 
contrast to spring, rotational grazing during the summer dry- 
forage period reduced animal performance compared to continu- 
ous grazing. Ewes lost approximately 3 kg more live weight under 
rotational than under continuous grazing during the summer 
period. Following pasture green-up in the fall, rotational ewes 
again tended to gain more weight than continuous grazing ewes. 
These data support Sharrow and Krueger’s (1979) contention that 
rotational grazing can most effectively improve animal perfor- 
mance during the green-feed period when plants are actively 
growing. 
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Modeling Big Sagebrush as a Fuel 
WILLIAM II. FRANDSEN 

Abstract 

Sufficient data exist within the literature to allow the woody 
biomass of two subspecies of Artemisia tridentata, basin big sage- 
brush (Artemesia tridentata ssp. tridentata), and Wyoming big 
sagebrush (Artemesia tridentata ssp. wyomingensiis), to be classi- 
fied into 3 standard fuel size classes: 0 to l/4 inch (0 to 0.63 cm), l/4 
to 1 inch (0.64 to 2.54 cm), and 1 to 3 inches (2.55 to 7.62 cm). Of 
primary significance to fire hehavior is a technique wherein the 
biomass is modified and expressed as a fuel load referenced to the 
canopy area. A table relates the fuel load by size class to the height 
and canopy area of the shrub. Estimates of the average load by size 
class-necessary for predicting fire behavior-can be made for 
areas where the shrub dimensions and number densities are 
known. Those less interested in fire will tid this table an easy-to- 
use reference to the physical description of these shrubs. Although 
classification of the woody biomass by size class was a major result, 
regressions of the leaf and woody biomass on canopy area and 
height and, regressions of canopy area on height are presented on a 
comparable basis for both subspecies. Regressions of biomass on 
height and canopy area suggest that wyomingensis is similar to 
tridentata up to a shrub height of 0.8 m where the biomass for 
similar crown dimensions increases 1.5 and 1.8 fold at greater 
heights. 

A knowledge of fire behavior (flame length, rate of spread, 
intensity, etc.) of sagebrush is necessary to land managers desiring 
to manipulate the vegetation or control fire in the sagebrush plant 
community. in order to predict fire behavior it is further necessary 
to describe sagebrush as a fuel. That is, to describe the shrub in 
terms of its ability to burn, stripped of its biological description as a 
living plant. Factors describing a plant as fuel are biomass classi- 
fied into leaf and woody fuel sizes, height, volume, bulk density, 
chemical properties, and moisture content. We will consider only 
the physical characteristics-biomass classified into leaf and 
woody fuel sizes, volume, bulk density-and relate them to the 
height and canopy area of two subspecies of big sagebrush. Finally, 
the application of these factors to a specific area rather than an 
individual shrub requires a knowledge of the number density of 
shrubs on the area. 

Most big sagebrush (Artemisia tridentata) biomass studies relate 
the total woody biomass and the photosynthetic or leafy biomass 
to the crown dimensions of the plant (Harniss and Murray 1976, 
Rittenhouse and Sneva 1977, and Uresk and others 1977). This 
information is not sufficient to describe the fire behavior asso- 
ciated with the burning of big sagebrush because the woody bio- 
mass does not distinguish between twig sizes. The rate that an 
individual particle in the shrub gives off flammable gases in the 
presence of heat depends on the ratio of its surface area to its 
volume (Rothermel 1972). The ratio of the surface area to the 
volume of a branch or twig is inversely related to its diameter. 
Consequently, the distribution of branches and twigs by diameter 
classes is important to the description of big sagebrush as a fuel. 
Although primarily intended for those interested in viewing sage- 
brush as a fuel, the final tabular results offer the reader a quick 
assessment of the physical description of basin big sagebrush and 
Wyoming big sagebrush. 

Author is research phyiicist, USDA Forest Service, Intermountain Forest and 
Range Experiment Station, Ogden, Utah, located at Northern Forest Fire Labora- 
tory. Missoula. Mont. 

Manuscript received November 16, 1981. 
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Brown (1976), recognizing the inadequacy of biomass studies to 
meet fuel modeling needs, investigated the biomass of shrubs 
classified into leaf and twig fuel size classes. The fuel size class is 
characterized in fire behavior modeling by its timelag constant 
expressed in hours and related to the rate at which it responds to 
humidity by absorbing or desorbing moisture (Fosberg 1970). The 
moisture content of small-sized particles responds quickly to 
humidity changes and they are characterized as short time lag fuels; 
larger particles require longer time lags. The 0- to 0.63-cm size class 
is called a ih timelag fuel, the 0.64- to 2.54-cm size class is called 
IOh, and the 2.255- to 7.62-cm size class is called the iOOh. 

The biomass Brown measured was obtained from single 
branches of the shrub and related to the basal diameter of the stem. 
He also examined the distribution of diameters within each size 
class and obtained an average size for each size class interval so that 
the woody biomass could be partitioned into the fuel size classes 
mentioned. 

Brown’s data were obtained from big sagebrush with no distinc- 
tion as to subspecies. I have used Brown’s relationships for basin 
big sagebrush (A. tridentata spp. tridentata Nuttal) and Wyoming 
big sagebrush (A. tridentata spp. wyomingensis Beetic). I suggest 
that although the overall growth forms are different between sub- 
species, the leaf and woody biomass related to the basal diameter of 
a single stem is not significantly different, i.e., the biomass should 
correlate to the basal stem containing the xylem tissue on which it 
depends. This point has not been proven although it seems reason- 
able to assume that similar basal diameter cross sections would 
support similar woody and leaf biomasses. 

The intent of this paper is to develop a characteristic basal 
diameter for the whole plant (subspecies of big sagebrush) that 
corresponds to its crown dimensions. The whole plant basal diame- 
ter can then be used to derive the woody biomass by size class, 
according to Brown (1976). Finally, the leaf biomass and the 
woody biomass classified into 3 fuel size classes for 2 subspecies of 
big sagebrush will be presented in tabular form related to the 
original crown dimensions of the plant expressed as height and 
canopy area. Land managers will be able to use these tabular 
results to obtain the biomass of big sagebrush (basin and Wyom- 
ing) expressed in fuel size classes from measurements of the shrub’s 
height and canopy area. 

Method of Analysis 

Two sets of data were examined: basin big sagebrush and 
Wyoming big sagebrush. Data are identified below according to 
their sources. 

subspecies 
tridentata 
wyomingensis 

Source 
Uresk and others (1977) 
Rittenhouse and Sneva (1977) 

Estimates of the leaf and woody biomass can be obtained from 
the crown dimensions according to the above sources. Uresk and 
others (1977) documented small particle masses (such as flowers, 
stalks) for basin big sagebrush. They have been excluded, however, 
as being seasonal; leaf mass alone is preferred. Furthermore, only 
leaf and woody mass are given for Wyoming big sagebrush. 

Both data sets used the height of the plant and two crown 
dimensions in the horizontal plane: the greater width and the 



Table 1. Regression coeffkknts for equation 1, relating biomass to pknt height and canopy area. 

Subspecies 
Regression coefficients 

bo bI h R2 Observations 

tridentata Leaf -0.8348 0.2042 I .2324 0.67 
woody -0.0664 .8100 .9535 .81 

wyomingensis’ Leaf -0.6750 .5553 1.1780 .97 
woody -0.2699 .7409 1.7351 .96 

These data are in slight disagreement with Rittcnhouse and Sticva (1977) because of the elimination of one questionable observation. 

20 
20 

26 
26 

greatest dimension perpendicular to the greatest width. (The shrub 
is assumed to have an elliptical shape in the horizontal plane with 
these dimensions as the major and minor axes.) The leaf and 
woody biomass data were acquired from the authors of the two 
referenced sources and regressed on the height and canopy area. 
Height and canopy area were chosen because these independent 
variables have been used successfully to form strong predictive 
relationships. Furthermore, using the canopy area rather than the 
major and minor axes of the crown simplifies the final table for 
cataloging the fuel loads. 

The regression relating biomass to canopy area and height is: 
M = I@OAbtHb2 (1) 

where 
M is the leaf or woody biomass in kilograms 
A is the canopy area in square meters 
H is the plant height in meters 

and the constants be, bt, and b are regression coefficients. They are 
listed in Table 1 for both subspecies. 

The development of a table relating the biomass to height and 
canopy area required that the canopy area be regressed on the 
height in order to obtain an appropriate range of canopy areas for 
selected shrub heights. The regression relation has the form: 

A = 10 cOHEl (2) 

where the constants Q and cl are regression coefficients. 
They are listed in Table 2 for both subspecies. 

The data used to develop Table 2 are plotted in Figure 1. Three 
curves are shown for both subspecies. The central curve was 
obtained from Equation 2. The upper and lower curves form the 
boundaries of one standard deviation of displacement from esti- 
mates of the canopy area. Using the boundary curves we can obtain 
estimates of the range of areas, AA, associated with a selected 
range of shrub heights, as illustrated by the arrows in Figure 3. 
Each canopy area range within a selected shrub height range was 
subdivided into a set of intervals. The leaf and woody biomass for 
each area interval within a height range is then estimated from 

Table 2. Regression coefficients for equation 2, relating canopy area to 
pknt height. 

Regression coefficients 
Subspecies co Cl R2 Observations 

rridenrata 0.8003 I .5254 0.54 867 
wyomingensis’ -.8471 2.2953 .79 66 

‘An additional 40 observations from Carlton Britton, Texas Tech University. Lub- 
bock, are included with the wyomingensis data. The original data from Uresk and 
others (1977) includes 847 additional observations on the crown dimensions. 
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Fig. 1. Canopy area versusheighrfor Wyomingbigsugebrush (Artemisia tridentata wyomingensis)andbasin bigsagebrush (A. tridentata tridentata). The 

central curve represents the regression curve of the plotted data. 
projected onto the canopy area. 

l9ze upper and lower curves represent one standard deviation from rhe regression line 
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Fig. 2. Diagram illustrating theflow of information from the crown di- 
mensions of sagebrush through its basal diameter to thefinal breakdown 
of its woody biomass by size class. 

Equation I using the midpoints of the area interval and the overall 
height range. 

Estimates of the basal stem diameter, D, of a sagebrush plant 
were obtained from an alternative form of Brown’s regression 
model (James K. Brown, 1980, personal communication), as 
expressed below in equations (3) and (4). 

M, = 4.968 D1.888 (3) 
where M, = 18.52 ti314 (4) 

M, = is the leaf biomass in grams 
M, is the woody biomass in grams 

and 
D is the shrub basal diameter in centimeters, 

In effect, the whole plant basal stem diameter was estimated 
from the crown dimensions as follows. Leaf and woody biomass 
were obtained from height and canopy area (Equation 1). TWO 
diameters were then estimated: one from the leaf biomass, the 
other from the woody biomass (Equations 3 and 4). The diameters 
were averaged to obtain a single characteristic diameter. This 
diameter was then used to partition the woody biomass into its 
three fuel size classes (lh, lOh, and 100h) according to Brown 
(ibid). Figure 2 summarizes these steps. 

The relationships needed to partition the biomass into the 3 size 
classes were obtained by fitting curves to the graphical representa- 
tions given by Brown. If the characteristic shrub basal stem diame- 
ter was less than or equal to 0.5 cm it was assigned completely to the 
1 h size class. If the diameter was equal to or greater than 0.5 cm but 
less than 2.0 cm part of the woody biomass will extend into the 1Oh 
size class. They are partitioned according to the following fractions: 

FI = D/(3.763D-1.460) 
and 

Flo = 1-R 

where 

(5) 

(6) 

FI = woody biomass fraction in the Ih size class 
fo = woody biomass fraction in the IO h size class 

If the diameter was equal to or greater than 2.0 cm but less than 7.0 
cm, the fraction FI remains unchanged, 

FUI = D/(4.095D-5.154) (7) 
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2 > 1.0 
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Fig. 3. Z%e regression curve of the canopy area of basin big sagebrush ver- 

sus height is expressed by the central curve. Two other curves are in- 
cluded thar are‘one standard deviation above and below the regression 
curve. An appropriate range for the area, AA, is obtainedfrom the se- 
lected height range, AH, by following the arrows as they intersect with 
the standard deviation curves. 

and 
FIOI = I - R - So 

where 
(8) 

FIoo = woody biomass fraction in the IOOh size class. 

The resulting biomass of each size class was then converted to a fuel 
load by dividing it by the appropriate canopy area. 

Two other descriptors of the shrub, the shrub’s volume and the 
bulk density bf the crown are important to the prediction of fire 
behavior in big sagebrush. The volume was obtained by assuming 
the shape to be an oblate spheroid generated by rotating the shrub’s 
ellipse about the minor axis. The resulting volume is: 

V = 4n(w1/2)~(wz/2)/3 
where 

WI is the major axis in meters 
w& the minor axis in meters. 

To allow for those instances where the shrub height is less than the 
major axis, a more representative volume was obtained by averag- 
ing the major axis WI, and the shrub height,H. Substituting (wI + 
H)/2 for WI, we have: 

V = n.(wl + H)2w2/24 
The bulk density is an important descriptor of the fuel complex 

relating to the separation between particles, a relative measure of 
the distance the fire must jump without the intervention of crossed 
members to aid the spread of fire. It also relates to the ability of air 
to move through the fuel array. A smaller number implies less air 
resistance. 

Results 

The fuel loads for two subspecies of big sagebrush, basin and 
Wyoming, are compiled in Table 3. Both have similar fuel parame- 
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Table 3. Fuel parameters for different height and canopy area rangee for individual shrubs of Artemisia triddata tridentata followed by adjustments to 
obtain fuel parametem for A. trkfentti wyomfngeti. 

Height 
(m) 

0.4-0.6 

Canopy area 
(m2) 

o-0.05 
0.05- .I0 

.lO- .I5 

.I5- .20 

.20- .30 

.30- .45 

Leaves 

0.83 
.39 
.28 
.23 
.I8 
.I4 

Fuel load’ (kg/m2) 

lh IOh 

0.47 0.87 
.34 .60 
.29 .46 
.27 .39 
.25 .34 
.22 .28 

IOOh 

0 
.I0 
.I8 
.20 
.22 
.22 

Volume 
(m3) 

0.010 
.026 
.042 
.085 
.I3 
.I3 

Bulk density 
(kg/ m3) 

5.5 
4.2 
3.6 
3.0 
2.5 
2.5 

0.6-0.8 .05- .I0 .59 .52 .76 .38 .039 4.4 
.lO- .20 .38 .43 .57 .42 ,072 3.8 
.20- .30 .28 .37 .47 .42 .I2 3.3 
.30- .50 .2l .34 .40 .41 .I9 2.9 
.50- .75 .I5 .30 .34 .39 .30 2.5 

0.8-1.0 .lO- .20 .5l .45 .56 .51 .097 3.3 
.20- .40 .34 .39 .46 .49 .I8 2.8 
.40- .60 .24 .35 .40 .46 .30 2.4 
.60- .90 .20 .32 .36 .44 .46 2.1 
JO-l.20 .I4 .30 .33 .42 .66 1.9 

1.0-1.2 .20- .30 .47 .48 .56 .62 .20 2.9 
.30- .50 .35 .44 .50 .59 .30 2.6 
.50- .70 .28 .4l .44 .57 .45 2.3 
.70-1.00 .I9 .37 .41 .54 .63 2.1 

1.00-1.30 .I5 .35 .38 .52 .86 1.9 
1.30-1.60 .I2 .34 .36 .50 I.11 1.7 

Table modifications for A. tridentala wyomingensis: 

Applicable range Column multipliers 

0.4-0.6 o- 0.45 I 1 I I I 7 
.6- .8 0.05- .75 I I 1 I I I 
.8-1.0 .lO-1.20 I 1.5 1.5 1.5 I 1.5 

1.0-1.2 .20- .70 I I.8 1.8 I.8 I 1.7 

1Sce introduction of this paper. 
Load class . Ih IOh lOOh 
Size range . . 0 to 0.63 0.64 to 2.54 cm 2.55 to 1.62 cm 

ters for height ranges 0.4 to 0.6 m and 0.6 to 0.8 m. However, results average crown diameter of 0.75 m. Converting the crown diameter 
for height ranges 0.8 to 1.0 m and 1 .O to 1.2 m show a greater woody to canopy area (7r(O.75/2)*m* = 0.44 m*) allows a comparison 
fuel load for Wyoming big sagebrush. Rather than develop an between the combined live and dead loads of Martin and others 
extra table for Wyoming big sagebrush, Table 3 was modified to (198 1) and the loads (also combined live and dead) presented in 
give the results for that subspecies. Modifiers-multipliers-are Table 3. Because the comparison height lies between the height 
given at the foot of Table 3 to account for changes in the results. ranges of 0.4 - 0.6 m and 0.6 - 0.8 m in Table 3, it is necessary to 
Multipliers for height ranges 0.4 to 0.6 m and 0.6 m to 0.8 m are, of interpolate. A numerical comparison is given in Table 4. Note that 
course, 1 .O because the results of both subspecies are identical over the comparison is made at 100% canopy cover, the load of a single 
that range. plant projected onto the ground. 

Fuel load, volume, and bulk density for a specific shrub of one of 
the two subspecies are obtained by using the appropriate height 
range and area interval in the table. The area is computed accord- 
ing to the equation: 

Table 4. A comparison of the loads by size close between Martin and others 
(1981) end Table 3. 

A= r WI m/4 
The height is the maximum height of the shrub in meters. If the 
height is greater than 0.8 m, the load, volume, and bulk density for 
basin big sagebrush are adjusted by the multipliers listed at the foot 
of Table 3 to obtain the corresponding parameters for Wyoming 
big sagebrush, e.g., if the height is within the range 1.0 to l.m, the 
woody loads for basin big sagebrush are multiplied by 1.8. Note 
also that Wyoming big sagebrush results are limited to canopy 
areas within the range .20 to .70 m* within the height range 1.0 to 
1.2 m. 

Discussion 
Martin and others (1981) give the live and dead load by size class 

for big sagebrush having an average height of 0.60 m and an 

Fuel load (kg/m2) 

Data source Leaves Ih IOh IOOh 

Martin and \ 
others 0.14 0.53 46 

Table 3 0.18 0.28 94 
0.24 

0. 0.32 

The comparison in the leaf size class is excellent while the woody 
size classes show good agreement. In general, the agreement is 
encouraging considering the wide standard deviation, 0.3 I m, for 
both the crown height, 0.60 m, and the crown diameter, 0.75 m and 
the different origins of data. 

With Table 3, it is possible to obtain the fuel load by size class for 
predicting fire behavior in basin big sagebrush and Wyoming big 
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Table 5. Example average load by size class for basin big sagebrush (tri- 
dentata) and Wyoming big sagebrush (wyomingensis) within the height 
range 0.8 to 1.0 m, area interval 0.4 to 0.6 ma, and number density 0.7 m-‘. 

Fuel load (kg/m*) 
Subspecies Leaves Ih 1Oh IOOh 

tridentara 0.084 0.12 0.14 0.16 

wyomingensis .I3 .I8 .21 .24 

sagebrush given the total height, canopy area, and the number per 
unit area within each crown dimension over a range of crown 
heights from 0.4 to I .2 m and canopy areas from 0.05 to 1.6 m*. For 
example, consider the following: 

Height range 0.8 to 1.0m 
Area interval 0.4 to 0.6 m2 
Number density 0.7 m-s 

The average canopy area per shrub is 0.5 m*. The average percent 
coverage is the average canopy area times the number density of 
shrubs. 

Percent canopy coverage = (0.5) (0.7) X 100 = 35%. 

Since only 35% of the area is covered by shrubs, we must reduce the 
indvidual shrub load to 35% of the individual tabular load; that is, 
the average load is spread over a larger area. For Wyoming big 
sagebrush, the final load is increased by a factor of 1.5 (given at the 

foot of Table 3). The final load breakdown for the above example is 
given in Table 5. 

Brown (1982) used data of a similar form for sagebrush that 
allowed him to predict fire behavior in sagebrush. Results from 3 
prescribed fires showed reasonably good agreement between 
observed and predicted rates of spread. There is potential to man- 
age big sagebrush with fire. However, it requires that we view 
sagebrush as a fuel. 
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Low-energy Grubbing 
Control Algerita 
B.T. CROSS AND H.T. WIEDEMANN 

Algerita (Berberis trifoliolata Moric) infestations on low stony 
bill range sites in the Edwards Plateau vegetational area of Texas 
are P problem following primary brush control. Infestations 
appear well suited to control by low-energy grubbing. A feasibility 
study indicated the method was economical but plant kill was 
erratic. Sprouting of lateral roots near the periphery of the grubbed 
bole accounted for 56% of the regrowth while 13% was attributed 
to crown tissue attached to taproots. No sprouts originated directly 
from taproots. Remaining regrowth resulted from problems with 
blade penetration in the soil. To prevent sprouting, severing the 
taproot below the crown and uprooting of all lateral roots under 
the entire plant canopy to a depth of 10 to 15 cm was necessary. 
Grubber blade modification included an increase in width to 180 
em and an addition of small tins welded on top of the blade to 
increase plant uprootb~g. Grubbing with the modified blade 
resulted in a plant kill of 93% f 3.5 (x f S.D.) when tested in an 
nlgerita infestation of 42 to 195 plants/ha ranging in height from 
1.0 to 1.5 m. The grubber averaged 2.13 ba/br in a 110 plants/ha 
infestation and cost of %16.43/ba. The ba/br grubbing rate (Y) 
plotted against trees/ha densities(X) followed the prediction equa- 
tion log Y = 1.93 - 0.83 log X with a significant (P<O.Ol) correla- 
tion coeflicient of r = 0.91. Low-energy grubbing using the modi- 
fied grubbing blade is an effective and economical method of 
controlling slgerita. 

Algerita (Berberis trifoliolrrra Moric), also called agarito, is an 
evergreen shrub with spiny, holly-like, trifoliate leaves. (Correll 
and Johnston, 1970). It grows on dry stony bills to a mature height 
of 2 to 3 m. Texas has 1.82 million hectares of algerita infested 
rangeland with heaviest concentrations (up to 300 plants/ha) in the 
Edwards Plateau vegetational area (Soil Conservation Service 
1973). Implementation of brush control programs, mainly aerial 
spraying and chaining, in the Edwards Plateau region has increased 
the prominence of algerita because it is highly resistant to liquid 
herbicides (Scifres and McCall 1975; Fisher et al. 1975). Root 
plowing gives effective control, but is costly (Fisher et al. 1972). 
Thus an economical method of algerita control is critically needed. 
Previous research has shown that a small crawler tractor equipped 
with a front-mounted U-shaped blade was a practical, low-cost 
method for effectively controlling small trees (Wiedemann and 
Cross 1975). The method, known as low-energy grubbing, has 
suCcessfully controlled sparse to moderate stands of honey mes- 
quite (Prosopis glanulosa Torr. var. glanulosa) Wiedemann et al. 
1977) and junipers (Junipers spp.) (Wiedemann and Cross 1981). 
Algerita infestations appear well suited for control by low-energy 
grubbing; therefore, a study was conducted to determine 1) plant- 
kill effectiveness and 2) per-br grubbing rates and cost in various 

with Special Blade to 

plant densities. 

Materials and Equipment 

Study Area 
The study sites were located on the Gene Whitebead Ranch near 

Menard, Texas in the Edwards Plateau vegetational area. Climate 
in this region is semi-arid with 55 cm average annual rainfall. Soils 
were a mixture of Tarrant series and Tarrant-Kavett complex 
located on gentle slopes of I to 6%. These soils were characterized 
by a shallow layer of dark, grayish-brown clay about 15 cm thick 
containing numerous, small limestone fragments. Below this was a 
layer of larger limestone fragments, gravel and stones accounting 
for 855 of the total material. Outcropping of bard layers of limes- 
tone were occasionally present on steeper slopes. Range site classi- 
fication was low stony bill. Algerita densities ranged from 40 to 300 
plants/ha on these soils and plant height was 1 to 1.5 tn. 

Low-energy Grubber 
The low-energy grubber was a John Deere 450-B. shift-on-tbe- 

go, 48.5-Kw (65.hp) crawler tractor equipped with a front- 
mounted, U-shape blade developed by the Texas Agriculture 
Experiment Station (Fig. I). The sharp blade, mounted directly to 
the tractor’s C-frame, was designed to sever roots I5 to 30 cm 
below the soil surface. Equipment details have been reported by 
Wiedemann et al. (1979) and Wiedemann and Cross (1981). An 
operator-activated counter was attached to grubber controls for 
counting plants grubbed and operating time was determined by. 
recording clock time. Tractor cost of $35.00/hr was based on 
normal charges by reputable conservation contractors during 
1981. 



Feasibility Study 
A feasibility study was undertaken to determine the efficacy of 

the low-energy grubber to control algerita. The study area was 
divided into 3 plots of 4.1, 15.9, and 4.1 ha with 112,212, and 333 
algerita plants/ ha, respectively. The algerita infestation had deve- 
loped following aerial spraying, chaining and raking of native 
brush. Grubbing was conducted in May 1974 during high soil 
moisture conditions. The situation favored plant sprouting and 
provided a more severe test. Live and dead grubbed plants were 
counted in belt transcctsfromeach plot(- 100plants)todetermine 
percentage plant kill. 

Machine Response 
The plot average of 2.25 ha/hr and cost of $6.67/ha (1974 

contract cost of $lS/hr) was considered to be very efficient and 
economical, hut control was erratic. The limestone fragments did 
not present an unusual wear problem; however, the hard limestone 
outcropping occasionally hampered blade penetration. The tech- 
nique appeared practical if plant kills could be improved. 

Plant kills I3 months aftertreatmentwere94,gOand 65%forthe 

112, 212 and 333 plant/ ha plots, respectively. One hundred indi- 
vidually grubbed holes with live plants were inspected todetermine 
the origin of plant growth, Classifications ofgrowth for evaluation 
purposes were (I) taproots with no crown tissue, (2) taproots with 
crown tissues, (3) severed lateral roots, (4) plant tops severed at 
ground level, and (5) plants transplanted (roots severed about 30 
cm deep and undisturbed soil around roots). 

No regrowth was present on taproots severed below the crown; 
however, if any crown tissue remained on the taproot-sprouting 
was present from this tissue (Fig. 2). This condition accounted for 
13% of total regrowth. Plant tops severed at ground level (failure of 
blade to penetrate soil or operator error) resulted in vigorous 
sprouting and accounted for 28% of regrowth while transplanting 
(grubbing too deep and not disturbing soil around the roots) 
accounted for only 3% of regrowth. 

The predominate problem, 56% of regrowth, originated from 

sprouting lateral roots around the periphery of the grubbed hole. 
Soil removal from the root system of undisturbed live plants 
revealed that these lateral roots originated at the crown and tra- 
veled laterally in the top IO cm of the soil to somedistance between 
origin and the edge of the plant’s canopy where it gave rise to a 
plant stem, (Fig. 3). It was further observed that plants with canopy 
diameters smaller than the grubber’s width (90 cm) were easily 
killed because the crown and all lateral roots were uprooted. 
Individual plants, or more often, groups of plants (mattes) with 
canopy diameters of I to 3 m were the predominate areas where 
regrowth occurred. 

We then hypothesized that grubbing to depth of IO to IS cm 
under .the entire plant canopy with good uprooting action was 
necessary for effective plant kill. Equipment and grubbing tech- 
nique was modified based on this hypothesis and was the basis for 
performance study. 

Grubber Modification 
Since the grubber blade did not need to penetrate the soil beyond 

I5 cm, the 48.5 kW crawler tractor provided sufficient power to 
operate a wider than normal blade. Thestandard, 90-cm blade was 
extended to a width of 180 cm and small fins S-cm tall were welded 
on top of the blade every I5 cm to increase uprooting action. The 
modified blade was buttwelded to a standard grubber frame and 
mounted to the outside C-frame (Fig. 4). Since little power was 
required to sever the small algerita root system, the hydraulic 
attachment was not necessary. Moreover, grubbing with the extra 
wide blade on the hydraulic unit would cause undue breakage of 
the rotating mechanism. 
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Fig. 5. Per-hr performance (Y) of low-energy grubber with modified blade 
in various densities (X) of algerita plants I- to 1.5-m tall; ?, X based on 
metric units. 

Performance Study 

Grubbing rates were 3.4, 1.9 and I. I ha/ hr for densities of 
50, 100 and 200 plants/ha, respectively, based on the prediction 
equation developed from plot data. Treatment costs per ha were 
$10.29, $18.42 and $31.82, respectively, based on 1981 rate of 
$351 hr. 

The study area consisted of 8,4.0-ha plots with algeritadensities 
of 42 to 195 plants/ha. Plant height range from 1 to 1.5 m. The 
infestation developed following hand clearing of mesquite and 
associated species over the past 20 years on a location with the 
same soil type as the feasibility study. Grubbing was conducted in 
July 1976. Plant kill or regrowth was evaluated in the belt transects 
13 months following treatment. Plots were spot checked at 24 and 
36 months following treatment for reliability of initial evaluation. 
Regression analysis was applied to evaluate the relationship 
between ha/hr grubbing performance (dependent variable) and 
plant/ ha densities (independent variable). Highest correlation 
coefficient (r) determined the best-fit curvelinear line. 

Low-energy grubbing with the modified blade was an effective 
and economical method of controlling algerita. Since this method 
was suitable for controlling other major brush species in this region 
(Wiedemann and Cross 1980), low-energy grubbing has enhanced 
its suitability for maintaining previously cleared’ rangelands in the 
Edwards Plateau. 
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Average speed was reduced by the new grubbing technique (3.2 
plants/min f 0.6 F & SD.) as compared to 7.2 plants/ min in the 
feasibility study). This is not alarming because the tedious uproot- 
ing of all lateral roots was more time consuming and the same 
procedure with the narrow blade would have substantially reduced 
its plants/min output. Average productivity was still high, 2. I3 
ha/ hr, in the overall density of 1 IO plants/ ha, which is representa- 
tive of most infestations in this area. Based on the 198 1 contract 
price of $35/hr, the average cost for low-energy grubbing was 
$16.431 ha. 

Conclusion 
Severing the algerita taproot below the crown and uprooting all 

lateral roots originating from the crown was necessary to ensure 
plant kill. This was accomplished by grubbing to a depth 10 to 15 
cm under the entire canopy area. The new grubbing technique and 
modified blade resulted in 93% plant kill. 
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Responses of Semidesert Grasses and 
Shrubs to Fall Burning 
S. CLARK MARTIN 

Abstract 

Four O.&ha plots south of Tucson, Ariz., were burned 
November 12,1975, in a pasture where cattle had not grazed for 12 
months. The fire top-killed most small mesquites, killed almost all 
of the burroweed and much of the cactus, except in unburned 
patches. Within 5 years regrowth of mesquite and newly 
established stands of burroweed equalled or exceeded pre-burn 
levels. Lehmann lovegrass increased following the burn; most 
other perennial grasses were not greatly affected. Results suggest 
that periodic burning can maintain a grassland aspect if the 
intensity and frequency of grazing allow enough dry herbagefor an 
effective fire to accumulate between bums. 

A common question in southern Arizona is: can fire be used to 
control such plants as velvet mesquite (Prosopis julijoru var. 
velutinu), cholla and prickly pear cactus (Opuntiu spp.), and 
burroweed (Applopappus tenuisectus) that now occupy former 
grasslands (Humphrey 1949)?1 This report describes the effects of 
fall (November) burning on velvet mesquite, other shrubs, and 
herbaceous vegetation in: (1) undisturbed invasion stands of 
mesquite, and (2) stands of young mesquites that have come in 
since the invasion stand was killed with sodium arsenite in 1940. 
The sites were relatively free of mesquite in 1903 whenthe “Range” 
was fenced out of the Public Domain. 

. Background 
Glendening and Paulsen ( 1955) found that mortality and top kill 

of velvet mesquite were higher for June fires than for October, 
November or February fires. Similarly, Tschirley and Martin 
(1961) reported that mortality of burroweed in June fires was 
about twice as high as for fires in late fall or early spring. A 
disadvantage of June fires is that they often kill high percentages of 
several grasses as well as shrubs (Cable 1965, 1967, 1972). Pase 
(197 1) found that Lehmann lovegrass was not severely damaged by 
a February fire. Consequently, June burning was considered too 
hazardous to include in the study. Fall burning was chosen over 
spring because the quantity of herbaceous fuel is greatest in the fall, 
because perennial grasses are mainly dormant at that time, and 
because fall fits best with the grazing-rest schedule of the Santa 
Rita Grazing System (Martin 1978). The Santa Rita grazing 
schedule is: (1) rest November I through October, (2) graze 
November I through February, (3) rest March I through 
February, then (4) graze March I through October to complete the 
3-year cycle. Both IZmonth rest periods provide an ungrazed 
summer forage crop, but burning in the fall or spring of the March- 
February rest period is not advisable because the burned area 
would be grazed during the following spring and summer. Spring 

Author is professor of range management, School of Renewable Natural 
Resources. College of Agriculture. University of Arizona, Tucson 85721. 
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burning following November-February grazing would not be 
effective because cattle consume most of the grass under and 
around each tree well before the end of February. Burning in fall 
immediately following the Novembei-October year of rest 
provides a full herbage crop with cattle on the burned area 
November I through February. The most common herbaceous 
perennials are usually dormant and relatively insensitive to grazing 
or burning during this period. The area is then rested 12 months, 
March through February, before it is grazed again. 

Study Area and Treatments 
The study was conducted at elevation of 1100 m, averageannual 

precipitation 350 mm, on the Santa Rita Experimental Range near 
Tucson, Ariz. The abundance of Lehmann lovegrass on this part of 
the Experimental Range has increased greatly in recent years 
(Cable 1971). The study area was rested for 1 year before the burn 
November 12, 1975. Grazing periods since the bum were: 
November 12,1975, to February 28,1976; March 1 to October 31, 
1977; November I, 1978, to February 28, 1979; and March I to 
October 3 1, 1980. Three 6.4-m2 sub-plots on each burned plot were 
protected from grazing after the fire to help evaluate effects of 
grazing after burning. The study area is one where mesquite, 
burroweed, both, or neither was killed in 1940 (Parker and Martin 
1952). The 16 0.4-ha plots form a latin square with treatments: (a) 
none, (b) mesquite control (1940), (c) burn November 12, 1975 
(burroweed control 1940), and (d) burn November 12, 1975, 
mesquite (and burroweed) control 1940. Since burroweed density 
has fluctuated widely since 1940 the 1940 burroweed control 
treatment is considered to have had no influence on plant 
populations in this study. 

Data Analysis 
Pre-burn measurements were made in the fall of 1975 with 

follow-up observations in 1976, 1978 and 1979. Data for each year 
were analyzed as 4 X 4 latin square. Average differences among 
years and treatments were tested against the treatment X year 
interaction. Mean separation was by Duncan’s (1955) new multiple 
range test. Results are presented in tables 2, 3, 5, and 6. For 
additional analysis the design was treated as a randomized block 
with four replications using rows of the original latin square as 
blocks. The four treatments were considered as main effects and 
the four re-measurements as subplots in a split-plot design. 
However, preliminary analyses revealed that, because of 
inconsistent among- year correlations, univariate analysis was 
appropriate for only about one third of the data sets and that the 
remainder were more properly analyzed by multi\;ariate 
procedures.2 Since the results of these split-plot analyses agreed. 
closely with those in tables 2,3,5, and 6 they will not be discussed. 

Vegetation Measurements 

Vegetation measurements before and after treatment were made 
?Ztatistical analysis and computer programs for these analyses were developed and 
executed by Brian Maurer, research assistant, Center for Quantitative Studies, 
College of Agriculture, University of Arizona. 
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on sample plots (10 X 40m) centered in each 61 X 61m treatment 
plot. Observations included: (1) density (plants/ m2) of perennial 
grasses, perennial forbs and shrubs and estimates of percent bare 
soil, on 30 0.3 m* quadrats along each of 8 randomly located 9m 
transects in each sample plot, (2) height and crown diameter of 
mesquites, and (3) estimates of utilization. 

Table 1. Precipitation (mm) at study rm by C, and 12-month periods 
from Juna 1.1974 to May 31,19110. 

Burning Conditions 

Following a summer of near-average rainfall (192mm) and a 
rain-free period of about 40 days, burning was done November 12, 
1975. The surface soil was dry. Yields of perennial grasses before 
burning averaged 340 kg/.ha. Maximum daily temperatures forthe 
5 days before burning ranged from 26 to 28” C, wiihminimums of 7 
to 100 C except for the night before burning when the minimum 
was 4O C. Relative humidity ranged from 40 to 5O%at the predawn 
peak to lows of I2 to 20% in late afternoon. Fuel moisture samples 
taken at IO:00 a.m. showed moisture contents of 29% for 
burroweed, 83% for green mesquite twigs, and 16% for grass 
herbage. Immediately before the burn (1:30 p.m.) the moisture 
content of grasses and burroweed were 10% and 23% respectively. 
Burning was done between 1:45 and 2:45 in the afternoon with 
temperature 26’ C, relative humdity 8%, and wind 13 km/ hr, SSE. 
Maximum rate of spread was about 2 km/ hr with rates of about 0.5 
km/hr during lulls in the wind, where ground cover was more 
sparse. Relatively clean burns were obtained on all plots. 

Period 
June- October Febmary- 

Year September January May 
1974-75 311’ 102 61 
1975-76 192 54’2 75 
1976-77 188 124 40’ 
1977-78 169’ 187 113 
1978-79 130 305’ 41 
1979-80 210 33 106’ 

6-yr mean 200 134 73 
40-yr mean 206 94 52 

1Periods when cattle had access to the study area. 
‘Burning was done in this period (Nove&.r 12, 1975). 

June 
May 
474 
321 
352 
469 
476 
349 
407 
352 

the period (407 mm) was almost 16 percent above the 40-year mean 
(Table I). Winter and spring moisture combined was markedly 
deficient in 1975-76 but well above average in 1977-78 and 1978-79. 

Results 

Precipitation 

Effects of Fire and Mesquite Control on Shrub Densities 
Except for burroweed, changes in shrub densities weregenerally 

too small and erratic to be significant. 

Burroweed 
Rainfall during the 12 months before the burn and summer Carryover effects of the 1940 treatments were not significant. 

precipitation for the 6-year study period were near the long time Fire reduced burroweed density on transects from 1975 to 1976 but 
averages but 12-month (June I-May 3 I) average precipitation for density on unburned plots did not change (Table 2). High winter- 

Tabk 2. Shrub den&i- (No./mz) by treatment before bunring (1975) and in 1976,197s. and 1979. 

Species 
Treatment Density 

1940’ 1975 1975 1976 1978 Average 19792 

Burroweed None 
MK 
BK 
MK, BK 
Average 

None 
None 
Burn 
Burn 

1.74 1.71 4.33 2.96 
1.45 1.46 8.38 2.27 
1.92 0.61 2.82 2.52 
2.28 0.37 2.52 2.72 
I .85a3 1.04a 4.51b 2.62ab 

Pricklypear None None 0.04 0.04 0.01 0.08 
MK None 0.12 0.07 0.08 0.14 
BK Bum 0.01 0.01 0.01 0.01 
MK, BK Bum 0.09 0.06 0.14 0.10 
Average 0.06 0.04 0.06 0.08 

Cholla cactus None 
MK 
BK 
MK, BK 
Average 

None 
None 
Bum 
Bum 

0.12 0.04 
0.17 0.06 
0.05 0.01 
0.12 0.05 
0.12b 0.04a 

0.05 

Z.2 
0:01 
0.03a 

0.02 
0.05 
0.01 
0.02 
0.02a 

Desert zinnia None None 0.19 0.22 0.00 0.03 
MK None 0.01 0.01 0.00 0.00 
BK Burn 0.07 0.07 0.00 0.10 
MK, BK Bum 0.01 0.00 0.00 0.00 
Average 0.07 0.08 0.00 0.03 

Mesquite None 
MK 
BK 
MK, BK 
Average 

None 
None 
Burn 
Bum 

0.19b 0.21 0.13 0.10 
0.0&l 0.10 0.10 0.12 
0.05a 0.06 0.06 0.05 
0.12ab 0.11 0.08 0.12 
0.10 0.12 0.09 0.10 

Total shrubs None 
MK 
BK 
MK, BK 
Average 

None 
None 
Burn 
Burn 

2.28 2.22 4.52 3.19 
I .79 1.72 8.60 2.58 
2.10 0.76 2.91 2.69 
2.62 0.59 2.75 2.96 
2.2Oa 1.32a 4.79b 2.86ab 

2.68 
3.39 
1.97 
I .97 

::% 
0.01a 
O.lOb 

0.06b 
0.08b 
0.02a 
0.05ab 

0.11 
0.01 
0.06 
0.00 

0.16b 
0.09a 
0.06a 
O.llab 

3.05 
3.67 
2.12 
2.23 

- 
- 
1.61 
1.55 
1.58 

- 
- 

0.01 
0.10 
0.06 

- 
- 

0.00 
0.04 
0.02 

L- 
- 
0.03 
0.00 
0.02 

- 
- 

0.13 
0.21 
0.17 

- 

I.78 
1.90 
1.84 

‘1940 Treatments: MK = mesquite kiilcd, BK = burrowed killed. 
Wngnzed caged plots were sampled in 1979 only. 
‘Within species and year, and for averages, means are different (~6.05) if subscripts do not include s common letter. 
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spring precipitation in 1977-78 brought densities to higher levels 
than before the burn. Burroweed seedlings in 1978 were especially 
abundant on unburned plots where mesquite was killed in 1940. 
Greater densities on unburned plots in 1978 confirm findings of 
Humphrey (1937) who observed more burroweed seedlings in 
presence of litter than on bare soil and that seedlings were most 
abundant near parent plants. Burroweed density in 1979 was 
slightly lower on ungrazed plots within the burn than on burned or 
unburned areas that were grazed. Vigorous top growth of the 
ungrazed perennial grasses in these lots may have reduced seedling 
establishment. Densities (numbers per unit area) of burroweed in 
1979 were about the same for all treatments and all but those for 
ungrazed plots were above pre-burn levels. 

Other Shrubs 
Control of mesquite in 1940 apparently resulted in higher 

densities of pricklypear (Opuntia engelmannii) than in undisturbed 
mesquite (though not significant), and the apparent effect of 
mesquite control was still evident in 1979 (Table 2). The effect of 
fire on cholla cactus (Opuntia spp.) was masked by a decrease from 
1975 to 1976 for all treatments and very little change thereafter. 
Desert zinnia (Zinnia pumila), before, burning, and in 1976, 
apparently was more abundant on plots that were not treated in 
1940, but there were no detectable responses to burning. Mesquite 
densities in 1975 were highest on plots untreated in 1940and lowest 
where either mesquite or burroweed were killed. Observations 
from 1976-1979 showed that burning did not measurably change 
mesquite numbers (Table 2). Minor species include catclaw acacia 
(Acacia greggii), falsemesquite (Calliandra eriophylla), snakeweed 
(Gutierrezia sp.), littleleaf baccharis (Baccharis brachyphlla), 
mormon tea (Ephedra trzjiirca), and carlowrightia (Carlowrightia 
arizonica). 

Other Effects of Fire on Mesquite 
Average percent top-kill exceeded 80% for mesquites up to 5 cm 

basal diameter or upt to 1 .S m tall (Figure 1). Negative correlations 
were strong between percent top-kill and both measures of plant 
size. The percentages of trees that sprouted from the basealso were 
related negatively to tree height and diameter. The number of stem- 
sprouting trees, however, was positively correlated with both stem 
diameter and height. These results generally confirm the findings 
of Cable (1961, 1965, and 1972), Glendening and Paulsen (1955) 
and others, that small mesquites are more easily top-killed by fire 
than are large ones. 

Burning had little effect on net change from 1975 to 1979 in plant 
height or crown cover of mesquite. Mesquite crown cover was 
greater in 1979 than in 1975 on ail plots. Crown cover in 1975, 
before burning, was more than twice as great on untreated plots 
(16%) as where mesquite was killed in 1940 (6%). Crown cover in 
1979 was 3 I % on the 1940 check plots and 16% where mesquite was 
controlled. Reductions in mesquite cover by burning were quickly 
offset by regrowth. Average heights of mesquites in 1975 were 
about 25% greater on plots that were not cleared on 1940 (1.2 m) 
than on cleared plots (0.95 m) due to the presence of older, larger 
trees. By 1979 mesquite heights on the burned and unburned plots 
were 105% and I 16% of their respective pre-burn levels. A few of 
the sprouts from top-killed plants flowered and set seed in 1981. 

Effects on Perennial Grass Density 
Within mesquite treatments total perennial grass density on 

burn and check plots was similar before burning but grass density 
on mesquite killed plots was almost twice as great as on untreated 
plots. Density declined sharply from 1975 to 1976 under all treat- 
ments but the relative decline was greater on burned plots (Table 
3). Grass density continued to decline on check plots and reached 
its lowest point in 1979. On burned plots density increased essen- 
tially to pre-burn levels in 1978 then dropped to about 50% of the 
pre-burn level in 1979. If Lehmann lovegrass (Eragrostis lehmanni- 
ana) and Rothrock grama (Bouteloua rothrockii). 2 pioneer peren- 
nials, are excepted, total perennial grass densities on burn and 
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Fig. 1. Relation between basal stem diameter (cm) and percentages of 
-mesquite that: (a)sproutedfrom the base (fr= 1.Oi.S - 2.92x, r q  -6974j, 

fb) were too-killed (P = 99.5 - 3.75x. r= -0.9831 or fc) sorouted from 
&I above-ground on the trunk or major branches (I -16.2 + 2.56;. r = 
0.836). Similar relationships exist between tree height (m)andpercentages 
of mesquite that: (a)s 

B 
routedfrom the base ?= 112 - 19.20x. r = -0.%8), 

6) were tou-killed ( = 112-21.66~ = -0.9471, or IcJsDroutedfiom well 
bdove ground on the trunk or major branches (pk j.91 x 2i.03 x, r = 
0.866). 

check plots were about the same in all years with declines under all 
treatments from 1975 to 1976 and from 1978 to 1979. These results 
suggest that fire may have decreased perennial grass density during 
the first year but fluctuations thereafter were probably induced by 
changes in rainfall. 

Santa Rita Threeawn 
Cable (1967) reported that Santa Rita threeawn (Aristida gla- 

brata) increased following burning. In this study, density of this 
species changed little from 1975 to 1976under all treatments (Table 
3). On the bum, densities peaked in 1978 and were still above 
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pre-burn levels in 1979, except in exclosures where the density was 
less than half as great. The combination of burning and heavy 
grazing seems clearly beneficial for this species. 

Tall Threeawns 
Densities of these threeawns (A. hamulosa and A. ternipes) were 

severely reduced by the burn but were back to about 213 of the 
original density in 1979. 

Black grama 
Black grama (Bouteloua eriopoda)density was markedly reduced 

on mesquite-killed plots in the grazed portion of the burn. Its 
greatest density in 1979 was in exclosures within the burn. This 
suggests that burning probably reduced the density of black grama 
initially and that heavy grazing kept it from recovery. Densities of 

black grama on unburned plots were greatest in 1978 then declined 
to about the same level as in 1976, almost 40% below the pre-burn 
level. For the 4-year period black grama density was several times 
higher on unburned plots than on burned plots. These results 
confirm Cable’s (1965) statement that burning severely damages 
black grama and are consistent with Canfield’s (1939) findings on 
its susceptiblity to clipping to l-inch stubble height. 

Rothrock Grama 
Rothrock grama was consistently more abundant where mes- 

quite was controlled. This grass behaves somewhat as an annual, 
increasing in favorable years and declining in drought regardless of 
the kind of grazing management (Martin 1973). Its density 
decreased rather steadily on unburned plots but exhibited highs in 
1975 and 1978 and lows in 1976 and 1979 on the burn (Table 3). By 

Table 3. Peremslal arasa demitla (No./m’) by treatment before burning (1975) and lo 1976.1978 ,ti 1979. 

Treatment Lktsity 
Species 1940’ 1975 1975 1976 1978 1979 AVemge 19792 

Santa Rita threeawn 

Tall threeawns 

Black grama 

Rothrock grama 

Arizona cottontop 

Lehmann love8rass 

Plains bristkgrass 

Other perennial grasses 

Total perennial grasses 

None 
MK 
BK 
MK, BK 
Average 

None 
MK 
BK 
MK, BK 
Average 

None 
MK 
BK 
MK, BK 
Average 

None 
MK 
BK 
MK. BK 
Average 

None 
MK 
BK 
MK. BK 
Average 

None 
MK 
BK 
MK. BK 
Average 

None 

FIF 
MK, BK 
Average 

None 
MK 
BK 
MK, BK 
Average 

None 
MK 
BK 
MK. BK 
Average 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum’ 
Bum 

None 
None 
Bum 
Bum 

0.36 0.37 0.09 0.29 
0.06 0.03 0.06 0.02 
0.72 0.70 1.99 1.26 
0.34 0.27 0.84 0.59 
0.37 0.34 0.74 0.54 

0.14 0.19 0.68 0.14 
0.23 0.12 0.09 0.18 
0.35 0.09 0.03 0.21 
0.32 0.04 0.09 0.22 
0.26 0.11 0.22 0.14 

0.59 0.48 1.14 0.52 
1.09 0.57 1.29 0.46 
0.01 0.03 0.04 0.02 
0.29 0.12 0.08 0.02 
OSOab 0.3Oab O&b 0.26s 

10.43a 5.18a 4.88a 1.57 
47.57ab 17.9Ob 13.460 2.85 
17.52a 4.85a 14.44a 5.17 
50.23ab 11.96ab 44.43b 11.39 
31.44b 9.97a 19.3Oab 5.24a 

3.74 3.17 3.02 
2.28 2.07 2.00 
3.00 2.26 2.79 
3.11 2.41 2.86 
3.03c 2.48b 2.67b 

E 
1:70 
1.94 
1.66a 

5.20 4.86 a.35 6.24 
10.74 7.91 10.45 9.24 

1.48 1.60 9.82 8.20 
1.15 0.80 6.06 5.70 
4.62a 3.79a 8.67b 7.34b 

7.34 3.88 2.86 2.06 
0.29 0.18 0.16 0.14 
7.16 3.63 3.15 2.06 
0.93 0.18 0.08 0.06 
3.93b 1.97a 1.56tl 1.08a 

0.17 0.11 0.03 0.13 
0.27 0.12 0.04 0.18 
0.32 0.13 0.18 0.13 
0.13 0.08 0.19 0.14 
0.22 0.11 0.11 0.12 

27.97 18.24 21.07 12.81 
62.53 28.90 27.55 14.15 
30.56 13.29 32.44 18.63 
56.50 15.85 54.63 20.06 
44.39b 19.07a 33.92b 16.4la 

0.28a’ 
0.04a 
1.17b 
0.5lb 

0.29 
0.16 
0.17 
0.17 

0.68a 
0.85a 
0.02b 
0.03b 

5.5la 
20.44ab 
1OSOa 
29SOb 

2.96c 
1.86a 
2.44b 
2.58b 

6.1&a 
9.58b 
5.28a 
3.43a 

4.02b 
0.19a 
4.OOb 
0.3la 

0.11 
0.15 
0.16 
0.14 

20.02 
33.28 
23.73 
36.76 

- 

0.72 
0.06 
0.39 

- 

0.18 
0.24 
0.21 

- 
- 

2.09 
0.57 
1.33 

- 
- 

3.33 
5.11 
4.22 

- 
- 

1.46 
1.54 
1.50 

- 

7.95 
9.12 
8.56 

- 

0; 
0.01 
0.10 

- 
- 

0.07 
0.00 
0.04 

- 

1.99 
16.65 
16.32 

‘1940 Treatments: MK = mesquite killed. BK = burrowed killed. 
Wngnzed caged plotr were rmpkd in 1979 only. 
%a footnote 3, Table 2. 
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1979 it was 2 to 3 times as abundant on the burn as on the unburned 
plots, except in exclosures where density was about half as great as 
on grazed parts of the burn. Here too, the fire impact was tempo- 
rary and changes after 1976 were probably related to rainfall 
fluctuations and the responses of competing vegetation to grazing. 
By 1979 Rothrock grama made up 50% of the perennial grass in the 
burn but only 16% of the perennial grass density on check plots 
(Table 4). 

Plains Bristlegrass 
Plains bristlegrass (Setaria macrostachya) showed no measura- 

ble response to burning but was always more abundant on plots 
with old mesquite trees. The low density in the exclosures, there- 
fore, may be due to the fact that the portable cages were placed in 
openings between trees. Close grazing apparently was detrimental, 
however, because the final density on all treatments was much 
below the original. 

Arizona Cottontop 
Arizona cottontop (Trichachne californica) apparently was not 

reduced in density by burning but its density decreased from 1975 
to 1979 under all treatments, presumably due to drought and 
grazing pressure. 

Lehmann Lovegrass 
The density of Lehmann lovegrass on unburned plots did not 

change much (Table 2). Likewise there was little change on burn 
plots from 1975 to 1976 but densities in 1978 and 1979 wereabout 5 
times as great as in the first 2 years. These results show that 
Lehmann lovegrass was not reduced in density by the November 
burn and responded favorably to conditions on the heavily grazed 
burned plots after 1976. Readings in the exclosures were about the 
same as in surrounding grazed areas. 

@her Grasses 
Minor species observed included: tanglehead (Heteropogon 

contortus), bush muhly (Muhlenbergia porteri), silver beardgrass 
(Andropogon barbinodis), dropseeds (Sporobolus contractus and 
S. cryptandrus), fluffgrass (Tridenspulchellus), and green sprangle 
top (Leptochloa dubia). Populations of these species were too 
sparse and too irregularly distributed to evaluate trends. Together 
they accounted for less than 2% of the perennial grass stand. 

Effects on Species Composition 
Together, Rothrock grama and Lehmann lovegrass made up 

over 80% of the perennial grass density in 1975and from 73 to 81% 
in 1979 (Table 4). On check plots the relative contribution of these 
species was almost reversed during the study period. Rothrock 
grama decreased from 64 to 16%. While Lehmann lovegrass 
increased from 18 to 56%. On burned plots, the relative contribu- 
tion of Rothrock grama from 1975 to 1979, decreased from 77 to 
50% while Lehmann lovegrass increased ten fold from 3% to 3 1%. 

Effects on Perennial Forbs 
Perennial forbs are a minor component of the summer vegeta- 

tion except in local colonies. Forb densities before the burn were 
generally higher on areas where mesquite was controlled in 1940 
and higher in 1975 than later (Table 5). The sharp drop from 1975 
to 1976 can be attributed in part to low Ott-Jan rainfall. In 1979, 
the density of Arizona evolvulus (Evolvulus arizonicus), within 
mesquite treatments, was higher on the burned plots though not 
significantly so. Other forbs apparently were benefited by protec- 
tion from grazing but silver-leaf nightshade (Solanum elaeagnifo- 
lium) and sida (Sida procumbens) did better without protection. 

Effects on Amount of Bare Soil 
Increases in bare soil on the burn were pronounced only in the 

first year. Bare soil on the burned area increased from 32% before 
the fire to 67% in 1976 and was 50% in 1979. Within the small 
exclosures on the burn the percent bare soil in 1979 was 53 (Table 
6). The increase in bare soil on unburned plots was (29-34%) from 
1975 to 1976, rose to 55% in 1978 and was 48% in 1979. Changes 
from 1975 to 1976 on burned plots were almost directly attributa- 
ble to fire. Changes, thereafter, were primarily grazing and climatic 
effects as cattle and wildlife concentrated on the study area and 
used the unburned plots almost as heavily as the adjacent burned 
tracts. Observed utilization on perennial grasses in 1977 and 1978 
was 72% on burned plots and 67% on plots not burned. Low 
herbage yields in 1978 and 1979 resulted in morecomplete herbage 
removal than would have occurred otherwise 

Discussion 

Cattle, deer, and jackrabbits were attracted to the burns almost 
immediately. Essentially all prickly pear cactus from which spines 
were burned was consumed in a few weeks. Cattle were removed at 
the end of February 1976 but jackrabbits and deer continued to 
concentrate on the burns. Cattle were returned to the pasture 12 
months later and remained from March, I to October 3 1, 1977. 
They agaih sought out burned plots and by mid-June had con- 
sumed 70% of perennial grass herbage on the burned and 62% on 
adjacent unburned plots. Visual inspection ofthe study area after it 
was grazed March-October, 1980, showed that attractiveness of 
the burned areas for cattle was still strong 5 years after the fire. The 
burned areas were attractive initially because fire removed most of 
the accumulated low-value herbage and singed spines off cactus. 
After the first year, the attractiveness of the burned plots was 
maintained by heavy use that allowed no herbage older than 12 
months to accumulate. Grazing pressure on the 4 0.8-ha burned 
plots in this study was probably greater than would occur on 
project burns of several hundred hectares. 

Measurements made in 1979 to determine differences between 
burned and unburned areas indicated that the fire had reduced 
numbers of barrel cactus, pricklypear cactus, desert zinnia, tail 
threeawns, and black grama. Santa Rita threeawn, and Lehmann 
lovegrass increased following the fire. Attributes not affected, or 
only temporarily, included percent of bare soil, mesquite crown 
cover, mesquite height, and numbers of mesquite, burroweed, 

Tabk 4. Specks compositton (%) by treatment of perwmkl granee before treabnent (1975) and ia 1979 on cheek and bum plote which were mzed 
by c8ttk on seheduk end on 6.4ml plots that were protected from grazing after the fire. 

Species Check 

Santa Rita threeawn 0.47 
Tall threeawns 0.04 
Black grama 1.86 
Rothrock grama 64.40 
Arizona cottontop 6.68 
Lehmann lovegrass 17.61 
Plains bristlegrass 8.39 
Other perennial grasses 0.53 

Total 99.98 

1975 
Burn 

1.23 
0.75 
0.34 

77.38 
6.99 
3.01 
9.25 
1.03 

99.98 

Year 

Check 

1.68 
1.75 
3.65 

16.20 
10.95 
56.42 
7.88 
I .46 

99.99 

1979 
Burn 

4.14 
0.98 
0.09 

50.22 
8.11 

30.93 
4.72 
0.80 

99.99 

Ungrazed Bum 

2.39 
1.22 
8.15 

25.86 
9.18 

52.33 
0.61 
0.24 

99.98 
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Tabk 5. Penmdal forb dcndtks (No./m*) by treatment before burning (1975) and in 1976,1978,1979. 

Treatment Density 
Species 1940’ 1975 1975 1976 1978 1979 Averap 19792 

Arizona evolvulus None 
MK 
BK 
MK, BK 
Average 

Sida None 
MK 
BK 
MK, BK 
Average 

Silver nightshade None 
MK 
BK 
MK, BK 
Average 

Other forbs None 
MK 
BK 
MK, BK 
Average 

Total forbs None 
MK 
BK 
MK, BK 
Average 

None 
None 
Bum 
Bum 

None 

Burn 
Bum 

None 
Bum 
Bum 

None 
None 
Bum 
Bum 

None 
None 
Bum 
Bum 

0.82 
3.16 
0.80 
1.42 
1.55b’ 

0.26 
0.30 
0.20 
:::b 

0.46 
1.16 
0.44 
0.45 
OSOa 

0.10 
0.20 
0.11 
0.08 
0.12a 

0.61 
0.54 
0.32 
0.88 
0.59 

0.05 
0.82 
0.12 
0.45 
0.36 

1.74 
4.82 

0.3Oa 
0.29a 
0.29a 
1.12b 
0.50 

0.01 
0.26 
0.00 
0.13 
0.10 

0.87 
1.91 
0.84 
1.78 
1.35a 

0.57 
0.99 
0.40 
0.83 
0.70ab 

:p: 0:15 

0.66 
0.25a 

0.21 
0.03 
0.02 
0.11 
0.09a 

0.02 0.15 
0.02 0.14 
0.04 0.09 
0.08 0.17 
OS&i 

0.23 0.51 
0.42 0.60 
0.31 0.28 
0.65 1.23 
0.40 0.66 

0.19 0.02 
0.15 0.08 
0.18 0.02 
0.63 0.75 
0.29 0.22 

1.20 
1.59 

0.59 
0.85 
0.49 
2.72 
1.16a 

0.91 
2.22 
1.48a 

0.77a 
1.36b 
0.45a 
0.84ab 

0.41a 
O&I 
0.3Oa 
0.97b 

0.07a 
0.33ab 
0.08a 
0.97b 

l.lOab 
2.29bc 
0.92a 
2.47~ 

- 

0.70 
0.37 
0.84 

- 
- 

0.03 
0.00 
0.02 

- 
- 

0.10 
0.08 
0.05 

- 
- 

0.84 
2.17 
1.50 
- 
- 

1.67 

::X 

11940 Treatments: MK = mesquite killed, BK = burroweed killed. 
*Ungrazed caged plots were sampled only 1979. 
‘See footnote 3, Table 2. 
cholla cactus, Arizona cottontop, plains bristlegrass, other peren- 
nial grasses, Arizona evolvulus, sida, and silverleaf nightshade. 

These results suggest that effects of fall burning on perennial 
vegetation are generally short lived. Numbers of susceptible shrubs 
such as burroweed may be markedly reduced for a year or two and 
others may be topkilled but recovery, either from seed or by 
sprouting, can be expected to restore pre-burn populations in a few 
years. Perennial grasses that increased markedly after burning are 
species with strong potential for reseeding themselves. Two of the 
more palatable and longer lived species, Arizona cottontop and 
plains bristlegrass, were little affected by burning. Black grama is 
the grass most likely to be severely reduced. This susceptibility is 
due in part to poor reseeding potential as well as to its susceptibility 
to heavy grazing that commonly follows burning and reduces plant 
vigor, seed yield, and vegetative reproduction. Lehmann lovegrass 
was exceptional. Its density not only was not reduced by burning, 
but had increased sharply by 19783 years after the burn. 

Cactus is adversely affected by repeated burning. Burning makes 
all cactus species more attractive to cattle and the reproductive rate 
of most species is low. 

Fall burning as applied in the study fit well with the grazing rest 
schedule of the Santa Rita Grazing System. There is no indication 

that grazing November-February immediately after the burn was 
severely detrimental to the common perennial grasses. This agrees 
with earlier results (Martin 1973) in which perennial grass densities 
were as great under year long grazing as on areas rested each year 
during the November-February dormant period. 

This study does not fully answer the question posed in the 
introduction. It suggests that periodic burning could maintain a 
grassland aspect by repeatedly top-killing most of the small mes- 
quites and killing some seedlings outright as Cable (1972) proposed 
but the rate of regrowth of mesquite in this study was so fast that 
burning every 5 to 6 years would be necessary to keep the mesquites 
from reaching reproductive maturity. Burning at such intervals 
would almost certainly prevent the development of dense stands of 
pricklypear, cholla, or barrel cactus. An unanswered question on 
burroweed is whether new plants on the burns were from seed that 
survived the fires or from seeds imported from adjacent unburned 
plots. If seeds survive burning, burroweed would not be perman- 
ently reduced by periodic fires even on large-scale burns, unless 
cool-season precipitation between burns was too low to produce 
new crops of seedlings. Concentrated grazing of the small plots by 
both cattle and wildlife undoubtedly affected the results in this 
study. Despite rest periods in the rotation, use was so heavy that at 

Table 6. Bare soil (%) by treatment before burning (1975) and In 1976,1978, and 1979. 

Treatment 

1940’ 1975 1975 
None None 38.5b’ 
MK None 20.5a 
BK Bum 35.4ab 
MK, BK Bum 27.8a 
Average 30.69 
‘1940 Treatments: MK = mesquite killed, BK : burrow& kilkd. 
lUngrazed caged plots were sampled only in 1979. 
5ce footnote 3, table 2. 

Year 

1976 1978 1979 Average 19792 
40.7a 54.7 49.8 45.9ab - 
27.5a 56.2 45.9 37.5a - 
6O.lb 60.4 48.1 51.0ab 52.6 
73.3b 66.7 51.8 54.9b 52.6 
50.4b 59.5b 48.9b 52.6 
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no time since the 1975 fire has there been enough dry herbage to 
carry a fire. Heavy use of perennial grasses did not greatly reduce 
their density but it may have reduced their vigor and their ability to 
compete with shrubs thereby contributing to the rapid regrowth of 
mesquite and reestablishment of burroweed. 
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The Effects of Prescribed Burning on Silver 
Sagebrush 
RICHARD S. WHITE AND PAT 0. CURRIE 

Abstract 

Prescribed burning was conducted in the spring and fall on 
mixed grass prairie vegetation to evaluate the effects of fire on 
silver sagebrush. Climatic conditions and fuel loads at the time of 
burning were similar in both seasons. Spring burning under good 
soil moisture conditions resulted in low mortality of sagebrush and 
vigorous sprouting. Fall burning under dry conditions resulted in 
greater mortality and reduced shrub regrowth. Fire intensity in 
both spring and fall was directly related to mortality and inversely 
related to subsequent growth. As intensity increased, mortality 
became greater and regrowth became less. This range in response 
to fire indicates that burning can be used advantageously to man- 
age plant communities containing silver sagebrush. 

Burning has long been recognized as an effective method of 
controlling big sagebrush (Artemisia tridentata). Pechanec et al. 
(1954) reported good control and increased forage production 
when burning was conducted in late summer, and Cook (1958) 
showed that burning could reduce big sagebrush cover by as much 
as 95% under uniform burning conditions. Burning has also given 
good control of three-tip sagebrush (Artemisia tripartita), atid it 
can readily kill black sagebrush (Artemisia nova)and low sagebrush 
(Artemisia arbuscula) when sufficient fuel is available to carry a 
fire (Wright et al. 1979). The effects of fire on silver sagebrush 
(Artemisia cana) have been less thoroughly documented. Vallen- 
tine (197 1) stated that kill on silver sagebrush is low because of 
post-burning resprouting, and Wright et al. (1979) classified this 
species as being slightly harmed by burning. These conclusions, 
however, were primarily based upon incidental observations from 
studies that dealt with more general effects of burning. Studies 
dealing directly with burning of silver sagebrush have been lacking. 

Silver sagebrush is geographically widespread. It is found from 
British Columbia to Saskatchewan and south to California, Utah 
and New Mexico (Cronquist 1955). In the Northern Great Plains, 
silver sagebrush is usually found on more mesic sites than big 
sagebrush, and it most often occupies productive, fertile soils that 
are relatively deep (Thatcher 1959). In many situations, silver 
sagebrush density can become high enough to reduce production 
of associated grasses and forbs. When this happens, brush control 
is desirable. Beetle (1960) estimated that silver sagebrush occupies 
more than 13 million ha in the 11 western states. As such, silver 
sagebrush ranks second in importance to big sagebrush. Although 
it merits serious consideration in many parts of its range, silver 
sagebrush has received little research emphasis with respect to 
optimum management for cover or forage. Some subspecies or 
ecotypes apparently provide palatable browse (Johnson and 
Nichols 1970), while others are almost useless as sources of forage. 
Additional information is therefore needed to achieve more effi- 
cient management on rangelands with silver sagebrush. 

The purpose of our research was to obtain baseline information 
on management of silver sagebrush communities. Specifically our 
objectives were to examine fire as a management tool and to 
measure silver sagebrush response under variable burning conditions. 

Authors are research plant physiologist and range scientist, respectively, USDA, 
ARS, Livestock and Range Research Station, Miles City, Mont. 59301. 

This research is a contribution from the Western Region, USDA, ARS Livestock 
and Range Research Station and the Montana Agricultural Experiment Station, 
Journal Series No. I 150. 
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Methods 

Prescribed burning was conducted at 2 study sites on the Live- 
stock and Range Research Station near Miles City, Mont. Vegeta- 
tion was typical of mixed grass prairies throughout the Northern 
Great Plains with western wheatgrass (Agropyron smithii) and 
blue grama (Bouteloua gracilis) being the major grass species. 
Other species included threadleaf sedge (Carexliliflia), needle- 
and-thread (Stipa comata). green needlegrass (Stipa viridula), 
and annual bromegmsses (Bromusspp.). Silver sagebrush was abundant. 

Prescribed burning was completed on about 20 ha in either 
mid-April of 1977 or early October of 1979. These periods pro- 
vided soil moisture conditions that corresponded to the extremes 
that might be anticipated in prescribed burning. The spring burn 
was carried out shortly after spring runoff when the soil moisture 
content was near field capacity. The fall burn was conducted after 
summer drought had substantially reduced soil moisture through- 
out the soil profile. At this time plants were under proportionately 
greater water stress than those burned in spring. The spring burn 
was a headfire and the fall burn was a backfire. Fuel amounts were 
comparable on both areas and ranged from 300 kg/ ha in blue 
grama vegetation to more than 1,000 kg/ ha in western wheatgrass. 
Climatic conditions at the time of burning were similar. Burning 
was conducted when ambient temperature was about 21°C and 
wind speed less than 8 km/ hr. 

Measurements of the response of sagebrush to fire were made 
during the first July following burning. This sampling date permit- 
ted any degree of plant recovery from burning, and it allowed 
sprouting to progress through an initial spring-summer growth 
period. Measurements were taken on 210 individual silver sage- 
brush plants at regular intervals along 10 line transects through the 
burned areas. Plants were classified in one of 3 progressively higher 
fire-intensity groups: foliage consumed, foliage 
and twigs consumed with main stems remaining, and entire plant 
burned to the stump. Observations on each plant included survival, 
number of sprouts, height of sprouts at plant center, and an index 
of canopy cover. The canopy cover index was determined by 
regarding the sprouts as growing in an elliptical shape. The linear 
intercept of foliage was measured along the major and minor axes 
and the canopy cover index was calculated by adding both values. 
Mortality was evaluated using Chi-square analysis by regarding 
fire-intensity groups as distinct classes. Growth responses were 
evaluated with fire-intensity classes considered as separate treat- 
ments and pre-burn plant size as a covariant. Individual plants 
constituted independent observations in a completely randomized 
design, and standard statistical techniques were used to interpret 
results. 

Results and Discussion 

Spring and fall burning both resulted in complete topkill of 
silver sagebrush regardless of fire intensity. Plants that had only 
the foliage consumed however, tended to resprout sooner than 
those that were completely burned. Examination of resprouts 
revealed no distinct difference in point of origin among fire- 
intensity classes. An increase in burning intensity therefore acted to 
retard resprouting rather than physically change the location of 
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Fig. 1. Mortality of silver sagebrush expressed as a function of burning 
intensity and time of burning. 

resprouting. Pre-burn plant size apparently had little effect on 
subsequent survival or growth. Covariance analysis showed that 
coefficients for size were not significant in either spring or fall 
burning. 

Silver sagebrush survival depended upon fire intensity and the 
time of year when burning was undertaken (Fig. 1). In the spring, 
soil moisture was high, and sagebrush plants were just becoming 
physiologically active after winter dormancy. At this time about 
one-third of the plants that were burned to the stump were killed by 
fire. Plants that were less thoroughly burned, however, sustained 
mortalities of less than 10%. Considerably higher plant mortality 
was achieved by burning under dry fall conditions after sagebrush 
plants had completed growth and reproductive activity. After fall 
burning about three-fourths of the plants that were burned to the 
stump died, and almost 40% of the rest were killed by fire. Mortal- 
ity differences between burning periods were highly significant 
(KO.01). This demonstrated that good silver sagebrush control 
with at least 35% kill could be achieved by burning under dry 
conditions in the fall. Better control can probably also be obtained 
by proper fuel management. Because there was a two- to three-fold 
increase in kill when plants were completely burned, it is more 

Table 1. Mean growth of silver sagebrush in relation to fire intensity. 
Measurements were made in July of 1977 or 1980 after plants passed 
tbrougb one spring growing period. 

Fire intensity 

Foliage consumed 
Twigs and foliage consumed 
Completely burned 

Growth characteristics 
Number of Center Canopy 
resprouts height (mm) index (mm) 

Spring burn 
4.5 al 322 a 394 a 
3.8 a 305 a 424 a 
3.3 b 216 b 358 a 

Fall burn 
Foliage consumed 10.3 a 
Twigs and foliage consumed 13.3 a 
Comoletelv burned 4.2 b 

188 a 
I88 a 
56 b 

341 a 
279 a 
96 b 

lDifferences between mean values within growth characteristics are significant 
(KO.05) when followed by a different letter. 

APRIL ,MAY JUNE 
Fig. 2. Precipitation distribution during the first growing season after 

burning. Rain received in 1977provided moistureforgrowth after spring 
burning, whereas 1980 rainfall contributed to plant growth after fall 
burning. 

advantageous to have a more intense burn. One way of achieving 
this would be to defer grazing before a planned burn. This would 
serve to provide more fuel and contribute to a more intense fire. 

Precipitation during the first growing season after burning was 
below normal for both spring- and fall-burned treatments (Fig. 2). 
This likely resulted in less regrowth than might be observed under 
normal rainfall. In contrast, differences in survival probably can- 
not be attributed to precipitation differences between years. April 
rainfall was similar in each year, and total precipitation during the 
spring growing period was almost identical by the end of June. 
Drier conditions in May, 1980, seemed to delay rapid stem elonga- 
tion in fall-burned plants, but silver sagebrush plants sprouted at 
about the same time in both years. 

As burning intensity increased, regrowth of individual silver 
sagebrush plants decreased (Table 1). This trend was most appar- 
ent on the fall-treated site where drier soil conditions prevailed 
before burning and during the growing season. It was noticeable to 
a lesser extent on the spring-treated site where more favorable soil 
moisture conditions existed before burning and during the growing 
season. Post-burn growth under the more favorable conditions 
associated with spring burning was characterized by sagebrush 
plants with relatively few sprouts. Height growth exceeded 20 cm 
for plants that were completely burned, and it surpassed 30 cm for 
less seriously injured plants. Sprouts assumed a bushy growth form 
with dense foliage and canopy indices above 350 mm. Post-bum 
growth under the more adverse growing conditions associated with 
fall burning was characterized by proportionately more sprouts, 
reduced plant height, and lower canopy indices. Plants with twigs 
and/or foliage consumed sprouted prolifically and usually had 
more than lOnew shoots per plant. By early July these shoots failed 
to reach a height of 20 cm. In comparison, plants that were com- 
pletely burned had about 4 sprouts per plant and regrowth of less 
than 6 cm. 

In general, burning under favorable spring moisture conditions 
before plants began rapid stem growth resulted in low mortality 
and vigorous sprouting of silver sagebrush. Consequently, brush 
cover was soon restored to its original pre-burn condition. Burning 
under dry fall conditions, in contrast, had a more lasting effect. 
Mortality was relatively high and canopy cover was substantially 
reduced. This differential response to burning under two different 
moisture conditions and phenological stages of development sug- 
gests that fire can be advantageously used to alter plant communi- 
ties containing silver sagebrush. When palatable subspecies or 

612 JOURNAL OF RANGE MANAGEMENT M(5), September 1983 



ecotypes are present, burning should be conducted in the spring. 
Favorable moisture conditions will normally result in abundant, 
tender sprouts that can be utilized for grazing, and stands may be 
maintained with little loss of silver sagebrush. If unpalatable sub- 
species or ecotypes are present and brush control is an objective, 
burning should be carried out in the fall. Shrubs usually will be 
under more moisture stress with drier soil, and higher mortaility 
can be expected. 
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Correlation of Honey Mesquite Response to 
Herbicides with Three Plant Variables and 
Soil Water 
R.E. MEYER, J.D. HANSON, AND A.J. DYE 

Abstmct 

Honey mequite [Prosopisllrliitro (Swutz) DC. vu.ghmdu~a 
(Torr.) Cockcreii] response to spnys of 2,4&T [(2,4,5-tricbio- 
Wb-xY)8=ti-W8ndpiflorun(-*- 
rcid) + 2,4,5-T ~8s ev8iu8ted urd correlated with nuximum driiy 
photosynthetic rate, upwud movement of methyiene dye, xylem 
pressure potentW, 8nd percent soii w8ter. Piciorun + 2,4,5-T ~8s 
superior to 2,4,5-T 8lone for kiiling honey mesquite from M8y 15 
through Augusl4. Time of d8y the herbicide ~8s rppiied h8d no 
dgnifiant effect on control. M8ximum d8iiy photosynthetic rrte 
varied from 32.9 to 10.1 mg Co1 dm-’ ie8fue8 hr-’ 8nd ~88 highly 
correi8ted (r = 0.89 to 0.92) with honey menquite control with 
herbicides. R8te of upwud movement of methykne blue dye in the 
xylem vuied from 295 to 44 cm hr-‘. (MP8) while soil w8ter 
content v8ried from 11.5 to 18.6%. UpwUa movement of methy- 
iene blue dye, xylem pressure potenti 8nd percent soii w8ter were 
not signifkantiy correi8ted with honey mesquite control. 

Honey mesquite [Rosopis julr&‘ora (Swartx) DC. var. glandu- 
Zosa (Torr.) Cockerell], a woody perennial of the Leguminosae, is 
adapted to a broad range of environmental conditions. It is dis- 
tributed throughout much of the southwestern United States and 
occupies about 25 million ha of Texas rangeland (Smith and 
Rechenthin 1964). Honey mesquite is generally controlled by foliar 
sprays of 2,4,5-T [(2,4,Qrichlorophenoxy)acetic acid], picloram 
(4-amine-3,5,6- trichloropicolinic acid) + 2,4,5-T, or dicamba (36 
dichloro-o-anisic acid) + 2,4,5-T, by basal treatment with diesel oil; 
or by mechanical treatments including bulldozing or chaining. 
Also, karbutilate [tert-butylcarbamic acid ester with 3(m-hydro- 
xyphenyl>l,l-dimethylurea[ and tebuthiuron {[$(l,ldimethy- 

The authors arc plant physiologist and range acientirt, Agricultural Research 
Service, USDA, Department of Range Science, Texas ABM University, College 
Station, Texas 77843; High Plains Grassland Research Station, USDA-AR& 
Cheyenne, 82691; and TA/OICD/USDA, Arlington Va. 22299. 

Cooperative investigation of Agricultural Research Service. USDA, and the Texas 
Agricultural Experiment Station, Texas ABM University, College Station 77843. 

Manuscript received August IO, 198 I. 

lethyl)-1,3,4-thiadiazol-2-y&N,N’dimethylurea) have shown pro- 
mise as soil treatments (Meyer and Bovey 1979). 

The seasonal response to herbicides is one of the major problems 
when chemically controlling honey mesquite. Generally, honey 
mesquite is most susceptible to foliar applied herbicides during 
May and June and is less responsive earlier and later in the growing 
season (Fisher et al. 1970, Meyer et al. 1972, Meyer 1977). Piclo- 
ram and picloram + 2,4,5-T are more effective than 2,4,5-T alone in 
East Texas (Meyer 1977). Herbicides are most effective when new 
stem growth has completed elongation, the leaves are fully 
expanded and have turned dark green, and the stems are undergo- 
ing rapid radial enlargment. This period normally occurs between 
40 to 90days after bud break (Fisher et al. 1959). Dahl et al. (1971) 
found that soil temperature in the spring was an important factor 
affecting the response of honey mesquite to 2,4,5-T. One reason 
honey mesquite may be more susceptible to chemical control in the 
spring is that the total available carbohydrate level in the roots is 
lowest in May, due to a partial drain of food reserves for stem, leaf, 
and floral production and radial enlargment of stems and roots 
(Fisher et al. 1959, Robison et al. 1970, Wilson et al. 1975). 

Dye and Hanson (1978), Hanson et al. (1978), and Hanson and 
Dye (1980) have reported on net photosynthetic rates (P,,) and 
xylem pressure potentials of field populations of honey mesquite. 
No work has been done, however, that correlates the response of 
honey mesquite to chemical control directly with photosynthetic 
rates. The purpose of this study, therefore, was to correlate the 
response of honey mesquite to herbicides with maximum daily net 
photosynthetic rate and various other plant and environmental 
variables. 

Methods and Materills 

ExperimenW Site 8nd Plot L8yout 
A site near Bryan, Texas, with a dense stand of honey mesquite 

1.2 to 2 m tall was selected for study. Most plants had 2 to 4 stems 
which had emerged from the base of the plant. The area was an 
upland site with a I to 3% slope. The soil was a Wilson clay loam (a 
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Table 1. lnflwncc of 2 herbicides applied et 6 data in 1978 on canopy reduction and mortal&y 01 honey mesquite near Bryan, Texas. 

Date of application 

May I5 
May 26 
June I6 
July I4 
August 4 
October 3 

Mean 

Honey mesquite control’ 

Canopy reduction Mortality 

2,4,5-T Picloram + 2,4,5-T 2.4.5-T Picloram + 2,4,5-T 

(%) (%) (%) (5) 

88 d 99ab 41 e 94a 
93 bed 99 ab 62cd 96 a 
95 abc 1OOa 70 bc 98 a 
91 cd 98 ab 52 de 90a 
91 cd 98 ab 58 cd 91 a 
18f 43 e Of 6f 
79 s 90t 47x 79 Y 

lValues for canopy reduction or mortality for dates or means followed by the same letter are not significantly different at the 5% level using the Duncan multiple range test. 
piclcram + 2,4,5-T was applied at the rate of 0.56 + 0.56 kg ha-’ while 2,4,5-T was applied at 1.12 kg ha-‘. Control ratings were made June 18, 1979. 

member of fine, montmorillonitic, thermic Vertic Gchraqualfs). 
Four replicates of 5 plants each were used for each of 2 herbicide 
treatments at 4 periods of the day during each of 6 dates in 1978. A 
randomized block design was used; date of treatment, herbicide, 
and time of day for herbicide application were arranged as a 
factorial. 

Herbicide Rates and Application Method 
Herbicide treatments included the triisopropanolamine salt of 

picloram + the propylene glycol butyl ether ester of 2,4,5-T at 0.56 + 
0.56 kg ha“ and the propylene glycol butyl ether ester of 2,4,5-T 
alone at 1.12 ha-‘. The herbicides were applied in water at a spray 
volume of 187 liters ha-‘at 0600,0900,1200, and 1800 hr CST with 
a hand-carried, air, 3 nozzle boom sprayer on 6 dates. Visual 
ratings of percent reduction, i.e., the percentage of stem tissue 
killed, and percent dead plants (mortality) were made June 18, 
1979, the year following treatment. 

Plant Characteristics 
Rate of upward movement of methylene blue dye was deter- 

mined in 20 trees at each date as an indicator of rate of transpira- 
tion. A 0.1% (w/v) aqueous methylene blue dye solution was 
infused into the stem xylem from a blood transfusion bottle 
equipped with a No. 16 hypodermic needle. The needle was 
inserted under the bark of each tree between 0930 and 1000 CST 
and removed 30 min later. The bark was stripped off progressively 
upward above the infusion point to the end of the dye streak; then 
length of the streak was measured and adjusted to cm hr-’ 

A pressure equilibration chamber was used to determine (1 hr 
before sunrise) xylem pressure potential (Waring and Cleary 1967). 
The general procedure outlined by Haas and Dodd (1972) was 
followed. Pressure readings were taken on petioles of 4 leaves on 
different branches of the sample tree before dawn on each date of 
herbicide application. The leaf was removed from the tree and 
sealed in a pressure chamber with the excised petiole surface pro- 
truding. The basipetal end of the petiole was not allowed to extend 
more than 3 mm from the chamber lid to reduce error (Millar and 
Hansen 1975). The pressure in the chamber was systematically 

increased at a rate of 0.07 MPa see-’ as suggested by Waring and 
Cleary (1967). 

A portable, open carbon dioxide exchange system for measuring 
P. on branches of woody plants was developed by Balding et al. 
(1973) and Dye and Hanson (1978). The system consisted of an 
assimilation chamber, a ventilation and temperature control unit, 
a measurement and recording unit, and a power supply unit. The 
components allowed continuous measurement of P.. P,, in units of 
mg COs crne2 leaf area set-‘, was calculated from the relation. 

P, = kFACOaA-’ 

where AC02 was the carbon dioxide deficit within the chamber in 
ppm, F was the flow rate of air over the branch measured as liters 
hr”, and A was the leaf area (one side) in m*. The constant k was 
equal to 1.79 X lo-’ mg ppm’liter-’ at 25OC and 0.1 MPa. A 
photoelectric planimeter was used to estimate leaf areas (Kemph 
1976). Photosynthetic rates were measured for entire diurnal cycles 
so maximum Pn could be determined for each date. 

soil W&r Content 
Percent soil water was determined gravimetrically at depths of 0 

to 30,3 1 to 61, and 62 to 91 cm on each day of spraying. Five cores 
were dug with a screw-type auger (Flyni et al. 1971) on each date. 

Results and Discussion 
Response to Herbicides 

Picloram + 2,4,5-T was superior to 2,4,5-T alone for honey 
mesquite control (Table 1). Picloram + 2,4,5-T was more effective 
at reducing canopy cover than 2,4,5-T on May 15 and in July, 
August, and October. Picloram + 2,4,5-T killed more honey mes- 
quite than 2,4,5-Talone at all dates except October 3 when neither 
herbicide treatment was effective. Contrary to most other studies, 
both herbicide treatments were effective at killing honey mesquite 
in July and August. Generally, honey mesquite control using her- 
bicides diminishes after early July. 

Differences among times of day the herbicides were applied to 

Table 2. Maximum photosynthetic rate, roil water content, rate of upward movement of methylene blue dye in the xylem, and predawn xylem pressure 
potential of honey mcaqulte on 6 dater in 1978% 

Date 

May I5 
May 26 
June I6 
July 17 
August 4 
October 3 

Maximum photosynthesis Soil water content* 
(mg dm” hr-r) (%) 

26.9 11.9 b 
24.0 18.6 a 
32. 9 18.0 a 
28.9 11.8 b 
24.4 11.5 b 
10.1 17.8 a 

Dye movement 
(cm hr-‘) 

295 a 
200b 
147 bc 
ll7cd 
88 de 
44e 

Xylem pressure potential’ 
(MPa) 

-0.48 a 
-0.67 b 
-0.17 b 
-1.01 c 
-0.89 c 
-0.65 b 

Values within a column followed by the same letter are not signiticantly different at the 5% level using the Duncan multiple range test. 
lean of 0 to 91 depth. 
Wean of 4 leaves on a tree measured predawn. 
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Table 3. Correlation coefllcie~~te lor plant and environmental vrriabkr vemue canopy reduction and morWity of honey maquite using 2 herbicide 
lratmcntr. 

Honey mesquite control1 

Canopy reduction 

245-T Picloram + 2,4,5-T 2.45-T 

Maximum daily photosynthesis 0.92 0.92 0.89 
Percent soil water -0.34 -0.38 -0.10 
Rate of upward movement 

of dye 0.54 0.59 0.35 
Xylem pressure potential -0.24 -0.20 -0.30 

Correlation coefticients of 0.70 and 0.90 arc needed to show significance at the 5% and 1% level, respectively. 

Mortality 
Picloram + 2,4,5-T 

0.92 
-0.33 

0.60 
-0.17 

honey mesquite were not significant (data not shown). The means 
for all dates varied from 78 to 81% canopy reduction and from 44 
to 5 1% dead plants for 2,4,5-T and 87 to 91% canopy reduction and 
77 to 82% dead plants for picloram + 2,4,5-T. These results were 
different from those of Bovey et al. (1972), who showed that a 
picloram + 2,4,5-T mixture was slightly more effective at 1800 hr at 
0.25 + 0.25 kg ha-’ on huisache [Acuciufanesiuna (L)Willd.] and 
0.56 + 0.56 kg ha-’ on Macartney rose than at 0600 or 1330 hr. 

Correlation of Plant and Soil Variables and Control 
Data collected for the plant and environmental variables are 

given in Table 2. Maximum net photosynthetic rate ranged from 
32.9 to 10.1 mg dm”hr-’ on June 16 and October 3, respectively. 
No significant differences occurred in soil water content among the 
3 depths sampled; therefore, the data were pooled for use in subse- 
quent analyses. Upward movement of methylene blue dye steadily 
decreased from 295 to 44 cm hr-’ throughout the sampling period. 
Xylem pressure potential varied from -1.01 to -0.48 MPa. 

Neither soil water content nor predawn xylem pressure potential 
were significantly correlated with chemically induced canopy 
reduction (90) or mortality of honey mesquite (Table 3) whereas 
Meyer (1977) found both significantly correlated. Soil moisture 
and xylem pressure potential have been shown to be very impor- 
tant factors influencing plant growth (Haas and Dodd 1972) and 
net photosynthesis (Hanson and Dye 1980). Although soil and 
plant moisture levels are related to plant activity and transpiration, 
they were less correlated with herbicide activity than photosynthe- 
sis. Apparently the herbicides used in this study enter the plants 
through the leaves and travel to sites of activity with the 
photosynthates. 

Rate of dye movement within the xylem tissue of honey mesquite 
showed a trend to be more closely correlated to canopy reduction 
and mortality than soil water or xylem pressure potential (Table 3). 
Dye movement is a measure of the rate of xylem transport and is 
regulated by stomata1 activity; therefore, it, in part, reflects total 
plant activity. 

Maximum photosynthetic rate had the highest and only signifi- 
cant correlation with canopy reduction and mortality of sprayed 
honey mesquite (Table 3). These data show that maximum net 
photosynthetic rate is an important factor regulating honey mes- 
quite susceptiblity to chemical control, especially if the herbicides 
are translocated with the photosynthate. Thus, maximum photo- 
synthetic rate could be very useful in predicting the results of 
herbicide applications if a simple means of estimating photosyn- 
thesis can be developed. 
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Burning in a Bunchgrass/Sagebrush Com- 
munity: The Southern Interior of B.C. and 
Northwestern U.S. Compared 
A.H. JOHNSON AND R.M. STRANG 

Abstract 

Investigations followhq a wildfire near Kamloops, B.C., hadi- 
cated that, contrary to reported experiences in the United States, 
gray rabbitbrush (Chysothamnus nuuseom) is susceptible to fire 
in this 8W8. Hence caution is necessary when developing burning 
prescriptions and using extrnpolated information. 

There is steadily growing recognition and acceptance of fire as a 
useful tool in management of the 620,000 ha of grassland ranges in 
the southern interior of British Columbia (B.C. Min. Forests 
1980). However, the use of fire to achieve specific objectives 
requires understanding of the conditions under which burning 
must be conducted if the desired ecological effects are to be 
achieved. Unfortunately, we do not yet have the requisite know- 
ledge in B.C. (Wikeem and Strang 1983) and so resource managers 
often extrapolate research results from northwestern United States 
when developing prescriptions for prescribed burning here. Al- 
though there are strong ecological similarities between the two 
areas (Tisdale 1947) subtle differences in soils, climates, and, pos- 
sibly, ecotypes bring into question the validity of these extrapolations. 

Because of this, a wildfire in a sagebrush-bluebunch wheatgrass 
community in B.C.‘s southern interior on 26 June, 1979, was used 
as an opportunity to obtain data on the impact of fire on this 
community, and to compare observed results with those predicted 
for current literature. 

Study Site and Methods 

The study site is at about 500 m on the steep (40-90°) southwest- 
facing slope of a low hill on the northern outskirts of Kamloops, 
B.C., at Batchelor Heights in Krajina’s (1965) ponderosa pine/- 
bunchgrass biogeoclimatic zone. The vegetation was classified by 
Watson (1977) as a bunchgrass/sagebrush community dominated 
by big sagebrush (Artemkia tridentata (Nutt.)), gray rabbitbrush 
(Chrysothamnus nauseosus (Pall.)Britt.) and bluebunch wheat- 
grass (Agropyron spicatum (Pursh) Scibn. & Smith). Low-level, 
large scale aerial photography indicated that shrub and herbaceous 
cover and density were uniform throughout the locale (Watson 
1977). The soil has been classified (Can. Dep. Agr. 1971) as a 
shallow, lithic, orthic, dark-brown, chernozemic sandy loam. 

The fire started early in the afternoon of July 26, 1979, and 
burned 12.1 ha before being extinguished. Winds during the fire 
were southwesterly at 30 km/h., and the Canadian Forest fire 
Weather Indices and codes (Van Wagner 1974) were:- 

Fire fuel moisture code 94 
Duff moisture code 214 
Drought code 527 
Initial spread 9 
Build-up index 213 
Fire weather index 35 

Manuscript received September 18, 198 I. 
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The high drought code and build-up index reflect unusually low 
precipitation during the spring and early summer. (1979 became 
the driest summer on record.) In the subsequent growing season 
(1980) late spring precipitation was some 200% of normal and cool 
damp conditions persisted throughout the summer. 

Sampling to assess the fire’s effect was conducted in August 
1980. Fifteen pairs of plots were established, each a 5m X 5m 
quadrat with a Im X lm sub-quadrat at the centre. Fifteen samples 
were located randomly outside but near the fire perimeter in 
unburned vegetation and, within the “brtili”, each quadrat was 
paired with a second quadrat sited in a topographically identical 
location. 

In each quadrat, shrubs rooted inside the boundary were 
recorded by species and crown diameter, and percentage crown 
cover was calculated. Within the subquadrats, percentage basal 
and aerial cover by grass and herb species were estimated. 

Differences in species frequency between burned and unburned 
areas were tested for significance by contingency tables, while 
density and cover differences were tested by t-test (Sokal and Rohlf 
1969) (Tables 1 and 2). 

Results and Discussion 

The fire had a devastating effect on theshrubs present (Table 1). 
Fourteen months after burning, frequency, density, and cover of 
both sagebrush and rabbitbrush were significantly lower-approx- 
imately 60,90 and 90% respectively. No regeneration was observed. 

The high mortality of sagebrush was not unexpected (Blaisdell 
1953, Pechanec et al. 1954, Mueggler and Blaisdell 1958, Frisch- 
knecht 1978, and Ralph and Busby 1979). There are no reports of 
vegetative regeneration of big sagebrush and only 3 (Blaisdell1953, 
Pechanec et al. 1954, and Mueggler and Blaisdelll958) of seedlings 
in the first year after burning. Even with immediate seedling estab- 
lishment the species is slow to regain its pre-burn status (Blaisdell 
1953, Harniss and Murray 1973). 

The literature contains 2 reports of mortality of rabbitbrush 
similar to ours. Daubenmire (1975) noted that a July fire in eastern 
Washington caused 97% mortality and that, even in the second 
year following burning, rabbitbrush was rare on the site. Similar 
results were noted (Robertson and Cords 1957) for a September 
burn in California and a November one in Nevada. These are, 
apparently, atypical results however. Wright (1971), Britton and 
Ralphs (1979), and Wright et al. (1979) state that all Chrysotham- 
nus spp. generally respond to fire injury (mortality of above- 
ground parts) by vigorous resprouting which rapidly regains the 
pre-bush dominance. The reasons for observed failures of re- 
sprouting are unknown. 

In contrast, the fire’s effect on the ground vegetation was slight 
(Table 2). For only one grass, Koelaria micrantha (Ledeb.) 
Schultes, and one forb, Antennaria microphylla Rydb., were the 
frequency, basal and aerial cover significantly different between 
unburned and burned plots, being significantly higher after the 
fire. Annual grasses and forbs were not different before or after 
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Table 1. Frequency, dens&y and crown cover of &rub specia ln unbumed and burned plbtu. 

Frequency $ Density (n/ 25m2) cover 9% 

Species Unburned Burned Unburned Burned Unburned Burned 

Big sagebrush 100.00 40.00” 4.6fl.01 1.40*1.1=2 2.1f6.85 3.8f5.32= 
Rabbitbmsh 93.3 40.00” 2.0f0.88 0.4 M.63- 6.5f3.21 1.2*2.02= 

?Iiiference significat at JSO.005 
*-difference sqpiticant at lSO.001 

Table 2. Frequency, basal cover, and aerial cover of grass and forb sptclu on unburned and burned plots. 

Perennial grasses 

Agropyron spicatum 
Aristida longiseta 

Koelaria micrantha Sub-totals 
Perennial forbs 
Achilles miliefolium 
Agoseris glauca 
Antennaria microphylla 
Artemisia ludoviciana 
Ihlsamorhiza sagittata 
Bigeron fiirifolius 
Gaillardia aristata 
Lithospermum roderale 

Total 
Annual grasses 
Bromus tectorum 

Sub-totals 
Annual Forbs 

L.appola echikata Sisymbrium altissimum 
Taraxacum oflcinale 

l’kagopogon dubius Total 

Frequency (%) Basal cover (%) Aerial cover (%) 

Unburned Burned Unburned Burned Unburned Burned 

100 93.3 19.8f9.93 17.8H.36 32.21t9.32 30.1f9.83 
6.7 

0.0 

4E’ 

0:o 

0.0 t 0.0 
0.4zt15.76~ 0.6f7.6’ 

100.0 93.3 20.4f9.85 22.4f0.06 32.if9.43 32.5iO.08 

0.0 20.0 0.0 t 0.0 t 
0.0 6.7 0.0 0.0 
0.0 46.7’ 0.0 o.l:l.o*x 0.0 0.8:2.3== 
0.0 20.0 0.0 t 0.0 t 
6.7 6.7 t t t t 

33.3 20.0 
o:o 

t 
0:o 

t 
0.0 6.7 t t 
6.7 20.0 

46.7 80.0 O.kl.42 0.3L.05 o.;* l.9i8.02 

0.0 :I: 0.0 t 0.0 t 
0.0 0.0 t 0.0 t 

0.0 13.3 0.0 t 0.0 0.0 20.0 0.0 t 0.0 O.if4.80 
0.0 6.7 0.0 t 0.0 t 

11:: 6.7 0.0 t 0.0 26.7 0.0 t 0.0 o.J*5..71 

‘difference significant at DO.05 
Pdifference significant at PSI.01 

burning for all parameters noted. Total frequency, total basal and 
aerial cover of other perennial and annual grasses and forbs were 
unaltered except for total aerial cover of perennial forbs, which 
was significantly greater after burning than before. 

Although responses similar to ours have been noted for late 
summer and fall burns (Blaisdell 1953, Mueggler and Blaisdell 
1958, Conrad and Poulton 1966, Uresk et al. 1976, Ralph and 
Busby 1979), nothing in the literature suggests such responses 
following an early summer fire. Pechanec et al. (1954), Wright 
(1974), and Wright et al. (1979) suggest that early summer fires, 
particularly in drought years, are very damaging to perennials, 
causing much mortality and reduced size and vigour in survivors. It 
is not yet known why our results are different. 

components-big sagebrush and gray rabbitbrush. Consequently 
total biomass production decreased. However, it is to be expected 
that production of grasses and forbs, the forage species, will 
increase because of the sharply reduced competition from shrubs 
(Harniss and Murray 1973). 

With the exception of the responses of big sagebrush and the 
annuals, our results were consistently different from those reported 
in the literature, for reasons yet to be ascertained. Whatever the 
reasons, our findings lead to increased doubts about the validity of 
extrapolation of the results of fire ecology research from north- 
western U.S.to B.C. 

Similar response by annuals has been reported after early 
summer fires. Daubenmire (1975) noted that, one year after an 
early July fire in eastern Washington, there were only slight differ- 
ences in frequency and aerial cover of Bromus tectorum L., Sisym- 
brium altissimum L. and most other annuals between unburned 
and burned plots. 

Evidently, further study is needed, but in the interim, U.S. 
results should be used to develop specific prescriptions for burning 
the southern interior of B.C. only with extreme caution. 
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Ecophysiology of Seed Germination and Flower- 
ing in Common Broomweed, Amphiachyris 
dracuncuZoides (DC) Nutt. 
JERRY M. BASKIN AND CAROL C. BASKIN 

AbSWtMt 

Common broomweed (Arr&r&z&@&~ @C.)Nutt.) 
behaves both as a winter and as a summer annual. Seeds germinate 
ln either autumn or spring, and the life cycle is completed the 
following autumn. Seeds were nondormant at maturity, and 48 to 
945 of them germirmted in light at daily thermoperiods of X5/6, 
20/10,25/15,30/15 and 35/2oOC, but 42% or less germinated in 
darkness at these temperatures. Thus, a high percentage of the 
seeds dispersed in early autumn germhute within a few days in 
warm soil if soil water is not limiting. With late autumn dispersal, 
however, germination of a high percentage of the seeds ls delayed 
until spring. Vernalization was not required for flowering, and 
both vernalized and nonvernalized plants flowered under long and 

fewer-days to flower under both photoperiods than did plan&from 
nonvernalized controls. Additionally, plants vernalized ln the seed 
and/or seedling stages did not form a rosette prior to shoot elonga- 
tion, whereas plants not vernalized in the seed or seedling stages 
formed a rosette. 

Common broomweed (Amphiuchyris drucunculoides (DC.) 
Nutt . , Gutierrezia drocunculoides (DC.) S. F. Blake, Xunrhoce- 
phalum drucunculoides (DC.) Shinners) is an annual weedy forb of 
the family Compositae. Its natural range extends from western 
Missouri and Kansas thru Oklahoma and Texas to eastern New 
Mexico and into Mexico (Jones and Fuller 1955), but it is adven- 
tive east of the Mississippi River (Harper 1944, Solbrig 1960, Jones 
and Fuller 1955) where it has been collected in several states (Lane 
1979). 

Heavy infestations of common broomweed can become a 
serious problem on rangeland where the grass cover has been 
reduced by drought or overgrazing (S&es et al. 1971). The inva- 
sion of this unpalatable weed into overgrazed rangeland in Kansas 
(Hetzer and McGregor 1951, Tomanek and Albertson 1957), 
Oklahoma (Bruner 1926, Smith 1940, Kelting 1954, Sims and 
Dwyer 1965, Hutchinson et al. 1968) and Texas (Dyksterhuis 1946, 
1948; Launchbaugh 1955) is well documented 

Common broomweed can behave both as a winter and as a 
summer annual. That is, seeds germinate in both autumn and 
spring, and plants from both germination seasons set seeds and die 
the following autumn (Scifres et al. 1970, Scifres et al. 1971). Flow- 
ering begins in late July and continues into October. Seeds mature 
from late September through October, and the seed dispersal 
period may last for at least 2 months. Seeds that fall off the plants 
in early autumn germinate soon after dispersal, and an overwinter- 
ing rosette is formed. Bolting (i.e., elongation of the flowering 
shoot from the rosette) occurs the following spring and summer. 
Seeds that are dispersed in late autumn do not germinate until the 
following spring, and plants from these seeds do not form a rosette. 
Instead, elongation of the flowering shoot begins at or shortly after 

Authors are professor and rcwrcher, School of Biological %iCnC% UniverSitY of 
Kentucky, Lexington, 40506. 
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germination and continues until early summer. 
Factors controlling the timing of germination and flowering 

were investigated to better understand the ecological life cycle of 
common broomweed. Consideration was given to effects of (1) 
time of seed dispersal on germination phenology, (2) various alter- 
nating temperature regimes on germination in light and in dark- 
ness, (3) vernalization temperature regimes on germination in light 
and in darkness, (3) vernalization of seed, seed and seedling, seed- 
ling or rosette stages on subsequent plant development, and (4) 
photoperiod on flowering. 

Methods 
Germination 
Greenhouse 

Achenes (hereafter called seeds) were collected from plants of 
common broomweed growing in Rutherford County, Tenn., on 7 
October 1978. Three days later, 3 replications of 300 seeds each 
were planted on soil in small flats in a non-temperature-controlled 
greenhouse (i.e., no heating or air-conditioning and windows open 
all year). Temperatures in this greenhouse were recorded continu- 
ously with a thermograph. On the same day, several thousand dry 
seeds of the 7 October collection were placed in a glass storage jar 
that had numerous holes in its lid; the jar was placed inside a 
weatherhouse in the greenhouse. Some of the seeds were removed 
from the jar on 15 November 1978, and 3 replications of 300 seeds 
each were planted on soils in small flats in the greenhouse. . 

The soil in all 6 flats was watered daily to field capacity, except 
on days during winter when the soil was frozen, and then water was 
withheld. The flats were examined at about 7day intervals, and 
germinated seeds were counted and removed. Seeds were consi- 
dered to be germinated when the radicle emerged from the seed 
coat. The study was terminated on 13 May 1979. 

Laboratory 
Seeds were collected on 7 October 1978, and 3 days later germi- 

nation tests were initiated. These tests were performed in tempera- 
ture- and light-controlled incubators in light (14hr daily photo- 
period) and in continuous darkness at alternating (12/ 12 hr) 
temperature regimes that approximated the mean daily maximum 
and minimum monthly air temperature in central Tennessee dur- 
ing the growing season (U.S.D.C. 1965): September and June, 
30/ 15; October and April, 20/ IO; November and March, 15/6; 
May, 25115; July and August, 35120°C. Daily photoperiod 
extended from 1 hr before to 1 hr after the daily high temperature 
period for seeds incubated in light. The light source was 20-W, 
cool-white fluorescent tubes, and light intensity at seed level was 
ca. 30CcEM-*Sec-’ (400-700 nm). Seeds were placed in 5.5 cm petri 
‘dishes on clean quartz sand moistened with distilled water. Three 
replications of 50 seeds each were used for each treatment. Dishes 
were wrapped with plastic film and those containing seeds to he 
incubated in darkness were wrapped with two layers of aluminum 
foil. In the light, seeds were examined at 5day intervals for 30 days, 
and each time germinated seeds were counted and removed. Seeds 
incubated in darkness were examined only at the end of 30 days. 
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Flowerhlg 
Vernalization 

Seeds of common broomweed were collected on 19 September 
1975, and 1 week later several hundred of them were planted on 
moist soil in flats in the non-temperature-controlled greenhouse. 
On 13 October 1975, seedlings were potted individually in IO-cm- 
diameter pots. Fifteen plants were moved to a heated greenhouse, 
where day temperatures ranged from 20 to 30°C and night temper- 
atures from 15 to 20°C, on 13 October, 1 November, and I 
December 1975 and on 1 January, 1 February, and 1 March 1976. 
An additional set of 15 plants was retained in the non-temperature- 
controlled greenhouse. All plants were exposed to natural pho- 
toperiods and were watered as needed to keep them moist. The 
number of hours that the various groups of plants were exposed to 
temperatures between 0.5 and 10°C (vernalization temperatures) 
was calculated from the thermograph records. The number of 
plants in each group with ray flowers of at least one head in full 
bloom was determined on 18 April, 4 May, 8 June, and 19 August 
1976. 

Seeds of common broomweed were collected on 9 October 1980 
and planted on soil at various times in 1980 and 1981 in the 
non-temperature-controlled and heated greenhouses and manipu- 
lated so that the seed, seed plus seedling, seedling, or rosette stage 
of the life cycle was given a vernalization treatment. Control plants 
received no vernalization. All seeds were germinated on soil, and 
15 seedlings for each treatment and the control were potted indi- 
vidually in IO-cm-diameter pots. Plants that were vernalized in the 
rosette stage were started from seeds in late October, and all others 
were started from seeds in early March. Plants were exposed to 
natural photoperiods and watered daily. The number of hours that 
seeds and/ or plants were exposed to temperatures between 0.5 and 
1O“C was calculated from thermograph records. All plants were in 
the non-temperature-controlled greenhouse from 1 May 1981 until 
the experiment was terminated on 3 1 August 198 1. The number of 
flowering plants was recorded at about l-week intervals. 

Effects of Spring Planting lTme on Subsequent Flowering 
Seeds were collected on 6 October 1979 and stored in a closed 

glass jar in the laboratory until used. Seeds were planted on moist 
soil in the heated greenhouse on 2 March, 12 and 29 April, and 22 
May 1980. For each planting, 15 seedlings were potted indvidually 
in IO-cm-diameter pots, and on 1 June all plants were moved to the 
non-temperature-controlled greenhouse where they remained until 
they either flowered or died. Plants were watered daily, and the 
number of flowering plants was recorded at about l-week intervals. 

Photoperiod 
Studies on the effects of photoperiod on rosette formation and 

flowering were conducted in 2 growth chambers: one set on a 
“short day” and the other on a “light break (long day)” photo- 
pried regime. Light intensity at plant level was about 110 pEM_ 
Set ’ (400-700 nm) of cool-white fluorescent light. Seeds and 

plants in the short-day chamber received a IO-hr light period each 
day, and those in the long-day chamber received an 8-hr light 
period plus 2 hr of light in the middle of the dark period. The 2 
chambers were set on a 12/ 12-hr daily thermoperiod of 25/ 15’C. 
In the short-day chamber the high-temperature period extended 
from 1 hr before the beginning of the light period to 1 hr after it 
ended, while in the long-day chamber the high-temperature period 
extended from 2 hr before the beginning of the light .period to 2 hr 
after it ended. Thus, in the long-day chamber the light break was 
given at the lower temperature of the thermoperiod. 

Seeds used in these studies were collected on 6 October 1979. 
Plants from freshly matured, laboratory-stored, and vernalized 
seeds were grown from seeds under both photoperiods. Seeds were 
germinated on moist soil under both photoperiods for each group 
of plants, and then I5 seedlings were transplanted to individual 
pots. Freshly matured seeds were planted on soil in both chambers 
on 9 October 1979, and laboratory-stored seeds were planted on 15 
February 1980. Seeds receiving the vernalization treatment were 
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Fig. 1. Cumulativegerminationpercenrages of common broomweedseeds 
pkmted on soil in the non-temperature-controlled greenhouse on 10 
October and 15 November 1978. Lines represent germination curvesand 
hatched area represents mean weekly maximum ond minimum temper- 
atures in the greenhouse. 

placed on moist soil in the non-temperature-controlled greenhouse 
from 30 December 1979 until 15 February 1980; they received 433 
hours of temperatures between 0.5 and 10°C. All plants were 
watered daily, and observations on rosette formation and flower- 
ing were made at about 7day intervals until the last plant in each 
set had flowered. 

Results 

GCdlMtiOJl 
Greenhouse 

Germination of both sets of seeds planted in the non-temperature- 
controlled greenhouse peaked in autumn with a second peak in 
spring (Fig. 1). Seeds planted on 10 October germinated to 61% in 
autumn, and an additional 18% germinated in spring. Those 
planted on 15 November germinated to 30% in autumn, and an 
additional 45% germinated in spring. Seeds began to germinate 
soon after they were placed on moist soil, regardless of planting 
date, and within 3 weeks most of the autumn germination had 
taken place. 

Laboratory 
Freshly matured seeds were nondormant, but they required light 

to germinate to high percentages. Whereas seeds incubated in 
darkness germinated to 24, 31, 39, 42 and 24% at 1516, 20110, 
25/ 15,30/ 15, and 35/ 20°C, respectively, seeds incubated in light 
germinated to 53 to 94% at all temperatures, except at 15/6OC, 
where they germinated to 48% (Fig. 2). Optimum temperatures (as 
based on rates and final percentages of germination) were 30/ 15 
and 25115°C. 

Flowaring 
Vernalization 

Plants moved to the heated greenhouse on 13 October, 1 
November, 1 December, 1 January, 3 February, and 1 March 
received 0, 134, 430, 836, 1,127, and 1,360 hr of vernalization 
respectively, while in the rosette stage. Plants remaining in the 
non-temperature-controlled greenhouse received 1,732 hr of ver- 
nalization. All plants in both greenhouses flowered, showing that 
vernalization is not required for flowering. On 8 June 1976 all 
plants in the heated greenhouse had started flowering, but none of 
those in the non-temperature-controlled greenhouse had started. 
One-hundred percent flowering did not occur in the latter green- 

620 JOURNAL OF RANGE MANAGEMENT 36(5), September 1983 



100 

90 

80 

LIGHT 
30/15’C 

DARK 

15 20 25 30 

TIME (DAYS) 
Fig. 2. Germinarion off,esbly morured common b,oomweed seeds hcu- 
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W(IS determined only (II the end of the 30-day innrbotion period. 

house until 19 August. 
The number of hours of vernalization received by the various 

stages in the life cycle were: seed, 654; seed plus seedling, 1,151; 
seedling, 497; rosette, 2,088. Plants that received no vernalization 
formed rosettes; those vernalized in the seed, seed plus seedling, or 
seedling stages djd not form rosettes. By mid May 1981 shoot 
growth (bolting) had begun for all plants except the controls (no 
vernalization); the controls were still in the rosette stage. Plants 
that had been vernalized in the rosette stage were 30 to 40 cm tall, 
and the rosette leaves were dead (Fig. 3A). Although plants dif- 
fered greatly in height in mid May, all plants in all treatments 
flowered during August 1981. However, the plants in the controls 
were IO to 15 cm shorter than those receiving vernalization (Fig. 
38). 

Effects of Spring Planting Time on Subsequent Flowering 
All ofthe plants from seeds planted on 2 March, 12 and 29 April, 

and 22 May 1980 in the heated greenhouse (and thus receiving no 
vernalization treatment) formed rosettes. All of the plants from 
seeds planted on2 Marchand 12Aprilflowered, while93and67% 
of those from seeds planted on 29 April and 22 May, respectively, 
flowered. The number of days from planting date until the first 
plant in each set flowered was 165, 135, 125, and 86, respectively. 
All plants from seeds planted on 2 March and 12 April had started 
to flower by the end of August. However, for plants from seeds 
planted on 29 April and 22 May, 1 and 5 plants, respectively, had 
not flowered on 31 December. These 6 plants died during winter 
without flowering; they apparently were killed by low temperatures. 

Photoperiod 
Plants from freshly harvested and laboratory-stored seeds 

formed rosettes, but those from vernalized seeds did not. Rosette 
formation from nonvernalized seeds vs. nonrosette formation 
from vernalized seeds is depicted in Fig. 3A. Second plant from left 
is from a vernalized seed, and plant on far right is from a nonver- 
nalized seed. Both plants are the same age. All plants in the 3 
treatments flowered under both photoperiods (Fig. 4); however. 

Fig. 3. From left fo right, planrs of common broomweedrbor were vernal- 
ized in the rosefle. seed. seed plus seedling and seedling stages and a 
pionr receiving no “emolizotion. A: 17 May 1981; B: same p,on,s 8 
September 198,. 

the time varied from seed germination until the tint plant in a 
treatment flowered, depending on pretreatment of the seeds and 
the photoperiod. The number of days until the first plant flowered 
for plants from vernalized, laboratory-stored, and freshly matured 
seedsexposed to longdayswas 147,210, and 24l,respectively,and 
for those exposed to short days the number of days to flowering 
was 168, 245, and 256, respectively. Not only did plants begin to 
flower sooner under long days, but the last plant to flower in each 
set did so sooner under long days than under short days (Fig. 4). 

Discussion 
Seeds of common broomweed were nondormant at maturity, as 

Fig. 4 Cumulorive pe,wu ,Xwe,ing of common b,oomweed plmrs 
grown from fresnly-motwed, loborarory-stored (lab) and vernalized 
seeds under long (LO) and sbo,, (SD) days in growth chambers. Fresh 
seeds were pkmred in growrh chambers on 9 October 1979 and 
loborarory-sroredandvernaliredseeds on IS Febmary 1980. Seeds in cdl 
,,eome,,ls ge,mimed within a few days afte,plonrin~. 



94% of them germinated in light at the September (30/15’C) 
temperature regime (Fig. 2). However, at the simulated October 
(20/10°C) and November (15/6’%) temperatures seeds germi- 
nated to only 53 and 48%, respectively, in light, even after 30 days 
of incubation. Seeds planted in the non-temperature-controlled 
greenhouse in October and November germinated to 61 and 30% 
respectively, in that autumn, and to an additional 18 and 4X%, 
respectively, the following spring. Mean daily maximum and min- 
imum temperatures for the germination period of seeds planted in 
October were 19.3 and 7.8”C, respectively, and were 11.7 and 
5.O“C, respectively, for those planted in November. The following 
spring seeds in both plantings began to germinate when maximum 
and minimum temperatures were 11.6 and l.O”C, respectively, and 
most of the spring germination for seeds in both plantings occurred 
when temperatures were 15.3 and 4.7OC, respectively. Thus, the 
temperature responses of the seeds are such that: (1) some germi- 
nateat autumn temperatures soon after dispersal, but the remainder 
of the seed crop requires higher temperatures for germination in 
autumn than those that occur in the field after they are dispersed, 
and (2) during winter many of the ungerminated -,eeds acquire the 
ability to germinate in spring at daily temperatures (10 to 15’C 
maximum and 1 to 5’C minimum) that were too low for germina- 
tion in autumn. 

Although vernalization was not required for flowering of com- 
mon broomweed, chilling the seeds and/or seedlings resulted in 
shoot elongation without the formation of a rosette. Plants from 
freshly matured and laboratory-stored seeds formed rosettes in the 
long-day chamber, whereas those from chilled seeds did not. Con- 
sequently, the number of days from germination until the first 
plant flowered from freshly matured and laboratory-stored seeds 
was delayed 94 and 63 days, respectively, as compared to plants 
from vernalized seeds. Plants that were vernalized in the seed, 
seedling, or rosette stage of the life cycle flowered at about the same 
time in the greenhouse. However, plants receiving no vernalization 
bolted later and at maturity were 10 to 15 cm shorter than those 
that were vernalized during some stage of the life cycle (Fig. 3B). 
Thus, in the field the low temperatures to which seeds of common 
broomweed are subjected during winter (1) lower the temperature 
requirement for germination, and as a result seeds germinate in 
early spring when soil moisture is optimal for seedling establish- 
ment and (2) cause plants from spring-germinating seeds to reach 
maturity at about the same time as those from autumn-germinating 
seeds. 

Since plants from seeds that germinate in autumn as well as in 
spring fldwer and produce seeds during the first growing season, a 
good control program for this species requires that the plants from 
both germination seasons be destroyed. Thus, the best time to 

apply control measures for common broomweed would be after 
the spring germination season is completed, when both sets of 
plants could be killed with a single treatment (Scifres et al. 1971). 
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Biases in the Step-Point Method on Bunchgrass 
Ranges 
DAVID STRAUSS AND DONALD L. NEAL 

AbStr8Ct 
During a study of gr8zing in the Gre8t Basin, using tbe pued 

phnt method used for me8suring utilhtioa, we noticed 8 bhs in 
tbe step point technique used to select plints. Subsequent m8tbe 
m8tial erlcuhtions showed both tbe direction and order of magni- 
tude of the bhs: tbe step point metbod overestim8tes tbe rurmbcr of 
hrge phnts 8nd underestim8tes the number of sm8U pl8nQ, when 
used to estimate tbe bawlarea of bunchgrasses the method overes- 
timates tbe area of smell phnts. Tbe alcuMions were tested md 
verified on m8ps of re8l8nd 8rtifici8l buncbgr8ss popul8tions. 
Wben tbe phnts ue distributed at random, the bhses an be 
removed. For estimation of numbers, one should select the phnt 
wboee center (ntber tb8n perimeter) is closest to tbe toe point to 
elimin8te bi8s by she cl8sg for estim8tions of b8s8l are8, the 
numbers in e8cb size ~18~ sbould be sciled by the 8re8 of plrnts of 
tb8t ChM. 

The point method of sampling vegetation utilizes a sharp 
pointed pin to select a “dimensionless” plot. The method, which 
has many advantages and has been adapted to a wide variety of 
sampling objectives, has been in use since the 19205 (Tansley and 
Chipp 1926). Levy and Madden (1933) first described a frame 
holding 10 sliding vertical pins for estimating composition of pas- 
tures. Tinney et al. (1937) described the advantages of inclining the 
pins at 45 degrees. The use of a single pin for describing herbaceous 
vegetation was first reported by Tansley and Chipp (1926). Cos- 
tello and Schwan (1946) used the single pin placed at the end of an 
observer’s toe (step-point) when pacing a transect to sample condi- 
tion and trend of rangeland. Roach (1950) described how to use the 
single pin in sampling to measure utilization by the ungrazed plant 
method. The use of the step-point method to determine cover and 
composition in the California annual type was described in detail 
by Evans and Love (1957). Since the method is as flexible as the 
man’s ability to walk and count, the step-point has been modified 
for many purposes. 

Goodall (1952) reported that the method could overestimate 
cover if the pins were not kept very sharp. Blunt pins begin to take 
on dimension and are more likely to “hit” a plant than sharp pins. 

While using the step-point technique to select plants for the 
grazed plant method of utilization measurement (anonymous 
l969), we observed what we thought were other biases in the 
technique. We were studying the effect of grazing on the Great 
Basin bunchgrass type. At each of two sites, one in Modoc County, 
Calif., and one in Lake County, Ore.., we had 8 S-acre units in 
which cattle were grazed for I to 5day periods, 5 to 6 times each 
season. At the end of each grazing period the grazed plant method 
was used to estimate utilization. Five 450-foot long transects were 
established in each unit and 20 step-points were taken on each 
transect. The plants were classified into several size classes; we were 
interested both in the numerical proportions of the size classes and 
their proportions of the total basal area. 

If only direct step-point “hits” (i.e. when a plant is struck by the 
pin) were recorded, bias in the numerical proportions would prob- 
ably be small. However, on low density ranges such as our western 

Authors are associate professor, Statistics Department, University of Caliiornk 
Riverside, 92521,and rangescientist, Pacific Southwest Forest and Range Experiment 
Station, USDA, Foreat Service, Fresno, Calid. 
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bunchgrass ranges one would be recording as many as 20 misses for 
every hit. The number of step-points required to get an acceptable 
sample for species composition or utilization would be very high. 
Therefore, if no plant is hit directly, the plant nearest to the toe 
point is recorded. This is the basis for the large errors we found; our 
samples contained a much higher ratio of large plants (which 
appeared to be preferred by the cattle) than our cover measure- 
ments taken by the area-list method (Pearse 1935) indicated. The 
result was a higher utilization figure than we thought correct. 
Conversely, when estimating basal area with the step-point method 
we found a substantial bias in favor of the small plants. 

To check all this, we started recording each plant by size class as 
well as utilization state. After 3 seasons and an additional 30,000 
plants were recorded by utilization state and size class, we became 
convinced that the biases were serious and should be studied 
further. 

Methods 

Our first step was to develop a mathematical model of a bunch- 
grass population and a formula for expected results with step-point 
sampling. For each size we calculated the number of plants 
expected, using a variety of plant sizes and densities of cover. 

Next, we created maps of art&al populations, with randomly 
distributed plant centers, and simulated step-point sampling. We 
noted the number of plants in each size class in the sample. These 
numbers were compared with those expected on the basis of our 
theoretical calculations, to see whether the latter were reasonable. 
To investigate the bias, the numbers were also compared with those 
expected on the basis both of the true numerica! proportions in the 
population, and the relative proportions of the total basal area. 

Lastly, we used vertical photographs of real bunchgrass popula- 
tions to create maps at convenient scales. Again, transects were 
drawn, step-point samples simulated, and the numbers of each size 
class noted. As before, these were compared to values calculated 
theoretically and also to values based on the true proportions and 
basal areas. 

Two assumptions were made in the creation of the model. 
(a) That there are k size classes, with all plants being circular 
and all plants in the i* class being of the same radius, ri. 
(b) The centers of all plants are scattered independently,and 
randomly (without clustering or segregation). Let pi be the den- 
sity (average number of plants per unit area) of class i plant 
centers. 
We realize that bunchgrass plants are not all perfectly circular. 

We also recognize that it would require an infinite number of radii 
class to describe precisely a real population. Furthermore, for a 
variety of reasons, plants in a natural population are not located 
independently of one another. Our purpose here, however, is 
merely to illustrate the nature of the bias in the step-point method, 
and for this the assumptions are perhaps acceptable. (Obviously 
one would hardly expect the biases we describe to disappear in real 
range data simply because the plants are clustered, noncircular, 
etc.). We have not considered it worth while to investigate the bias 
when randomness fails, since the results depend critically on the 
nature of the departure from randomness. For example, if in 
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practice the small plants tend to be more clustered than the large 
plants, the step-point method will underestimate their proportions. 
On the other hand, if large plants are usually surrounded by a halo 
of small offsprings, the step-point method will tend to miss too 
many of the large plants, and thus overestimate the frequency of 
the small ones. Since both cases, and a whole spectrum of others, 
occur in practice it scarcely seems profitable to set up models for 
nonrandomness in this context. 

By number, the size classes should appear in our sample in the 
ratio jJi:pz’ . . . . :p . By urea of cover, the classes should appear in the 
ratios rrrfpr:rrr 5 -2 pa: . . . .rrr pk. Our task is to calculate the expected 
proportions ofthe size classes obtained in step-point sampling. To 
do this, we need only compute the probability of getting the various 
size classes in a single step; for, as can easily be shown, the expected 
number of plants of class i in, say, 100 steps is simply 100 times the 
probability of getting a class i plant in a single step. Denote these 
probabilities by pr(i = 1,2, . . . ,k). 

We can get a plant of class i in 2 ways; either 
(i) We hit on a plant of class i, or 
(ii) We do not hit any plant, and the closest plant to our step- 

point is of class i. 

Event (i) has probability Irr$t, since this is the proportion of 
land covered by the i”’ size class. Let si be the chance of event (ii). 
The si should sum to 

which is the chance that we do not step on any plant. Then pi is 
given by 

pi = nr;p* + si. 

Now sr is the chance that for some x 
(a) we encounter no plant within a range x for our step-point hit, 

then 
(b) we encounter a class i plant in the range x to x + dx. See Fig. 

(1). 
The probability of (b) is 2npr (x+ri)dx, since we require a plant 
center of class i to appear in an annulus of circumference 2 rr(x+rr) 
and hence area 2rr(x+r&lx. The probability of (a) is the product 
from j=l to k of the chances that no plant of class j has its center in a 
circle with our toe as center and radius x+rj. These probabilities are 
well known to be expC-?rpi(x+r#]; see for example, Pielou (1969, p. 
112). Summing over all positive values x, and taking the limit as dx 
gets small, we get - k 

Si =;a {Fl [eXp-7r(X+rj)2]) Zrrpi(x+ri)dx . 

This can be written 
Si = 27rpihm (X+ri) exp+z*+2clx+c&ix, 

Table 1. Buncbgrann size and aumben from the Calilornia site. 

where, for n ~0, 1 or 2, we write c,, = L $rrS. After a fair amount of 

manipulation, this comes to 

S~=*Pi~xP(*3+(2~ 
6 

1 

fr exp-(cs-Z!_)]pt(rt-~)[l-*(cl 19 (2) 
co co co 9 IF co 

where 
Q(t) =p,&-xz/2 dx . 

6 

As a partial check, we note that the sr, sum to exp (-cz), which is 
the probability that we do not step on a plant. 

Fig. 1: Plant of la class is closest to the toe point. 

From equation (I), we now have an expression for the expected 
size class proportions Pi in toe point sampling. When the total 
area of cover becomes exceedingly small, we find that Pi tends to 
pi/(pi+...+p& which is the numerical proportion of size class i in 
the sample. As the area increases, the Pi get closer to the area1 
proportions of the size classes. This reflects the fact that when 
the plant cover is very sparse and the nearest plant is, typically, 
far off, the areas of the plants are of much less importance than 
the frequencies. As distances decrease the areas of the plants 
play a larger part in determining which plant is closest to the toe 
point. 

The bias in the toe- point estimate of numerical proportion of size 
class i will here be taken as 

(Ei - Ti)/Ti 
where Ti is the true proportion of the i” size class and Er the 
proportion expected with the toe point method. The bias in esti- 
mating the areas of the size classes is similarly defined. 

Density 
(Pi) 

(Number of 
Size Radius plants per 
classes (ri) unit area) 

1 2 .000119 
2 3 .OOoO849 
3 4 .OOoo975 
4 6.4 .000104 

x* on 3 degrees of freedom: 

l**indicates signitieance at the 1% level; l indicates the 5% level. 
2Yndieates result not signiticant at 5%. 

Number of 
plants in 
206 step 
points 

j7 
32 
60 
57 

206 

Number Number 
expected expected 
(by proportion) (by a-1 

60.6 13.9 
43. I 22.3 
49.5 45.5 
52.9 124.3 

206 u)6 
S.62’r’n 178.9**’ 

Number 
CXpCCtCd 

by theory 
2) 

54.0 
40.8 
49.9 
61.2 

206 
4.4O’“n 

Number 
expected by 
perimeter 

31.7 
33.9 
51.9 
88.5 

206 
32.9**’ 
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Fig. 2(a),(b),(c): Bias in estimates of basal area (solid line) and proportion 
(broken line) for 3 size classes. Radii are in ratio 1:2:3. 
2(a): Equal numbers ofplants. 
2(b): Frequencies in ratio Q(smallest plants):2:1. 
2(c): Frequencies in ratio l(smalkst plants):2:4. 

It has been suggested that the chance of hitting a plant is related 
to the length of perimeter. This is of little consequence since this 
perimeter is of no value in range management. However, the 
expected number of hits, based on perimeter, is presented in Table 
1. This demonstrates that, in general, there will also be a bias in 
estimates of perimeter. 

Results 

Bias, Cakdated Theoretically 
Figure 2(a), (b) and (c) shows the bias in area (solid line) and in 

number (broken line) for the case of 3 size classes with radii in the 
ratio 1:2:3. In Figure 2(a) the numbers of plants in the 3 classes are 
always equal. In Figure 2(b) the plants occur with frequencies in 
ratio 4 (smallest plants):2: 1 (largest). In Figure 2(c) the ratios are 1 
(smallest):2:4. 

Comments 
(a) Bias in urea estimates. As expected, the bias is greatest when 

the plants are far apart, since then the actual areas of the plants are 
irrelevant; only the numbers in the size classes are being estimated. 
Generally speaking, the bias decreases as the plant density 
increases, but still is typically large. For the smallest size class the 
bias is usually more than 100%. 

(b) Bias in numerical estimates. There is, of course, no bias 
when the plants are very far apart, but the bias increases sharply as 
the density increases. Even at 5% total plant cover, the bias is often 

Tabk 2. Bunchgram size and numbers from the Oregon site. 

of the order of 50%. 

Examples from the Field 
To illustrate the way the step-point method can lead to bias in 

practice, we simulated the method on several sets of real data; the 
maps are drawn from real populations at the California and 
Oregon sites. The first example is taken from a map showing 
bunchgrasses at the California site. The grasses ranged in size from 
3/ 16” radius up to 3/8”; the plants were not all circular, but this 
should not matter greatly since our concern is only to illustrate the 
bias inherent in the step-point method. For convenience, the plants 
were grouped into 4 sizes: 
Group I, consisting of the smallest plants. On the actual site there 
were 16 such plants, with a total area of JO15 (0.15% of cover). 
Group 2, the next smallest set of plants. There were 25 of these, 
covering .0024 of the area. 
Group 3, consisting of 33 plants with a total area of .0049. 
Group 4, the largest plants. There were 9 plants, covering .0134 of 
the area. 
The average radii of the 4 groups were approximately in the ratio 

234~6.4. 
We conveniently took the 4 radii to be 2,3,4,6.4, as shown in the 
second column of Table 1. The densities pi in column 3 are calcu- 
lated from the fact that the i” group has area npiri*. Column 4 
shows the actual results obtained from 206 steps with the step- 
point method. 

Size classes Radius (r3 Density @$ 

I 6 .0000111 
: 13 8 a .ooooO947 .0000214 

x2 on 2 degrees of freedom: 

l*%dicates signiticancc at the I% level: *indicates the 5% level. 
“3lndicatcs result not significant at 5%. 

# Plants in 200 # Expected # Expected # Expected 
steps proportion) (by area) by theory 

61 52.9 23.1 51.6 
83 102.0 81.3 99.2 
56 45.1 95.0 49.2 200 200 200 

200 
- 

7:39+ 74.6+*’ 5.29”’ 
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Table 3. Bunchgrass size and numbers from the artifkhl population. 

SiZC 
classes 

: 

3 

Radius (ri) 

: 

3 

Density (pi) 

.00100 .OOlOO 

.00100 

Observed # 
in 219 steps 

57 30 

60 

# Expected (by # Expected 
proportion) (by area) # Expected by theory 

54I75 54.75 7.3 32.4 
29.2 51.7 

54.75 65.7 59.9 
72 54.75 

219 219 

__ ._ 
75.0 

219 

17.2**’ 114.7**1 0.84” 

9 

‘**Indicates sgnificance at the 1% level; *indicates the 5% level. 
‘“)lndicates results not significant at 5% ICVCI. 

If the step-point method were to be unbiased in estimating the 
proportions in the 4 size classes, then the expected numbers of the 4 
size classes in 206 steps would be as in column 5, apart from 
sampling fluctuations; for these numbers are in the same propor- 
tions as the actual numbers in each class. The discrepancy between 
the observed frequencies and the true frequencies does not seem 
very serious here; indeed the chi-square statistic for comparing 
observed to expected is not significant (~2 = 5.62 on 2 degrees of 
freedom). This result could have been anticipated because the 
plants aTe sparse in this example, the area of cover being only about 
2%. 

Column 6 shows what would be expected if the step-point 
method gave unbiased estimates of the ureas of the 4 classes. Here, 
there is a large discrepancy, the total area of the smaller plants 
being overestimated at the expense of the larger plants. 

As a check, we show in column 7 the expected numbers calcu- 
lated on the basis of the theory of section 2, under the simplifying 
assumptions of circular plants whose centers are scattered at ran- 
dom over the plot. The difference between observed and expected 
numbers is clearly not very large, and indeed not statistically 
significant (x = 4.40, on 3 degrees of freedom). Notice that for each 
size class the theoretical expectation falls between the estimate by 
proportion and the estimate by area. Finally, column 8 indicates 
that, as expected, there is a bias in estimates of size class perimeters. 

A similar pattern is revealed in the other set of data we analyzed. 
In this case, again bunchgrasses but from the Oregon site, we 
categorized the plants into 3 size classes: small, medium, and large. 
The results are displayed in Table 2 below; the format and the 
calculations are analogous to those of Table 1. Once more we find a 
serious bias in the step-point estimate of the area1 proportions of 
the 3 size classes (~2 = 74.6). Since the cover is again sparse, the bias 
in estimates of proportion is smaller (though still significant at 5%). 
This time the observed data does not fit the theoretical calculations 
quite so well, although the x2 of the 5.29 is not significant at 5%. 

Finally, Table 3 shows the results on an artificial population, 
consisting of 4 size classes. These are circles with radii in the ratio 
1:2:3:4 in equal frequencies, scattered at random over the “plot.” 
Although the results of the sampling are fitted well by the theoreti- 
cal expectations from equation (l), there is serious bias in the 
estimates both of the proportions and of the areas of the size 
classes. The bias in proportions is not surprising, as the density of 
cover is about lo%, which is rather high. 

Conclusions and Recommendations 

The step-point method has proved to be a valuable technique on 
annual grass ranges. Its simplicity has caused it to be employed on 
other range types, including the bunchgrass ranges of the Great 
Basin. Among its uses are the estimation of cover and composition, 
and systematic selection of plants for utilization estimates. Our 
calculations have shown the method to have serious biases, which 
vary with plant size, in the estimation of cover and density. The 
biases are clearly illustrated in the sampling maps of real bunch- 
grass populations. Admittedly, the bias in basal area would 

626 JOURNAL OF RANGE MANAGEMENT 36(5), September 1963 

decrease for very dense stands, or for cases when plant sizes are 
roughly the same. However, bunchgrass ranges in the Great Basin 
seldom exceed 10% basal cover and there is usually a variety of 
plant sizes in the population. Therefore, the biases in area estimates 
are likely always to be serious and use of the method should be 
considered carefully. Moreover, we have seen that with as little as 
5% cover the bias in estimates of size class frequency can be serious. 

What can be done about the bias? For estimates of the numerical 
proportions of the size classes, a simple device is to list the plant 
whose center, rather than perimeter, is closest to the toe point. It is 
clear that if the plants are really circular and scattered at random, 
there will then be no bias associated with the unequal sizes of the 
plants. When basal areas, rather than numerical proportions, are 
being estimated it is possible to categorize into a few convenient 
size classes, estimate the proportions of the size classes as above 
(using the centers of the plants rather than the perimeters), and 
finally multiply each proportion by the squared radius of the size 
class. This takes account of the differing basal areas of plants in 
various classes. Once again, if the plants were really circular and 
scattered at random, and if’the plants within each class were really 
all of the same size, this device would remove the bias. 

As we have noted in section 2, one cannot predict in general what 
will be the effect on the bias of departures from randomness. It is 
easy to see how, even with the above suggestions-using plant 
centers, and multiplying by area if basal area estimates are 
required-departure from the assumptions can lead to systematic 
bias. But it seems that the suggestions can be recommended: they 
require minimal extra effort over the standard step-point method, 
and are superior regarding bias at least when the grasses are 
scattered approximately at random. There seems no reason to 
suppose the reverse to be true in other cases. 
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Landsat Comx>uter-aided Analysis Techniques 
for Range Vegetation Mapping 
JERROLD F. MCGRAW AND PAUL T. TUELLER 

Landsat computer-aided analysis techniques were used to map 
tht sapbrush-grass vtptation of northern Nevada. A final 
Landset digitel cksifkation resulted in 14spectrel classes represent- 
ing 8 rangt plant communities. Classification accuracy for all 
sample plots was 86.496, with individual class l ccurecies ranging 
from 77.8 to 95.4%. Classification methods included supervised, 
unsupervised, and guided clustering techniques using a maximum 
IiktIihood cIassiBtr. 

Rangeland inventory techniques have been subject to question 
and controversy since the beginning of range management. The 
problems include cost, adequate trained manpower, the requirement 
to inventory vast areas and the obtaining of an adequate sample. 
Remote sensing techniques have often been suggested and promoted 
for doing basic range inventories. The repetitive availability, rela- 
tively low cost per unit area, and digitized format of the Landsat 
data make such information of potential interest to range manag- 
ers. This study was designed to measure the success of Landsat 
computer-aided analysis techniques for range vegetation mapping 
in Northern Nevada. 

Landsat digital data has seen only limited application on range- 
land despite its potential for providing large quantities of vegeta- 
tion mapping data at reasonable cost. Resolution limitations of the 
digital data (.42 ha or approximately 1.12 acres) along with com- 
plexity, diversity, and heterogeneity of range vegetation have 
tended to discourage its use. 

Several researchers have evaluated the application of Landsat 
digital data for mapping range and arid land vegetation (Daus 
1975, Maxwell 1976, Tueller et al. i978, Everitt et al. 1979, Todd et 
al. 1980, Everitt et al. 198 1). Maxwell (1976) inventoried vegetation 
types, range condition, and green biomass on grasslands in Colo- 
rado using a supervised classification technique. He concluded that 
Landsat was a very useful inventory tool on grasslands. Tueller et 
al. (1978) used Landsat digital data to map various arid land 
vegetation types in Australia. 

Todd et al. (1980) classified various densities of pinyon-juniper 
on two different geologic types on the Shivwits Plateau in Arizona. 
Misclassification was the result of low canopy and high bare 
ground cover. Bonner and Morgart (1980) described an opera- 
tional procedure for arid land vegetation inventories and the sam- 
pling units required for accurate classification. Recently Everitt et 
al. (198 1) used digital pattern recognition techniques and a maxi- 
mum likelihood ratio classification and found a highly significant 
correlation (rr = 0.997) between air-photo and computerestimated 
area of 5 land use categories for a June Landsat- scene. Condi- 
tions were not significant for an August overpass, suggesting the 
importance of selected dates to reduce misclassification. 

Brush, mountain shrub/juniper, conifer, meadow, rock or bare 
ground and water were readily identified on rangeland near Susan- 
ville, Calif. (Daus 1975). Classification problems occurred at eco- 
tones and areas that contained mixes of vegetation types. Areas of 
low canopy cover were difficult to classify because of the spectral 
dominance of soil background. Sub-class classification problems 
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occurred in the big sagebrush communities with high proportions 
of bitterbrush, rabbitbrush. and other sagebrush species. 

Methods 

The objective of this study was to test the Landsat digital data for 
mapping range vegetation in sagebrush-grass areas of northern 
Nevada. The Saval Research Ranch, (located approximately 75 
km north of Elko, Nev., on the east slope of the Independence 
Mountain Range), was selected as the study area. The vegetation is 
characteristic of the northern desert shrub type consisting mostly 
of deep-rooted big sagebrush (Artemisia tridentata tridentata) in 
the drainage bottoms and alluvial areas and a low-growing 
shallow-rooted sagebrush commonly referred to as early sagebrush 
(Artemisia longiloba) on arid claypan soils. Mountain big sage- 
brush (Artemisia tridentata vaseyana) and Wyoming big sage- 
brush (Artemisia tridentata wyomingensis)are found at higher and 
lower elevations respectively. There are 3 hay meadows on the 
ranch as well as riparian vegetation along drainages. A large 
crested wheatgrass (Agropyron desertorum) seeding is located on 
the southern portion of the ranch. All together the Saval Ranch 
test areas encompass approximately 156 19 ha. 

A 13 June Landsat- scene was selected for this study because 
this time period is considered to be the peak growing season for 
most range plants on the study area. 

PIXSYSi software, including algorithms for gray level mapping, 
supervised and unsupervised classification, density slicing, geo- 
metric correction, and a commonly used maximum likelihood 
classifier, was used in Landsat digital data analysis. 

The spectral responses for Landsat digital data are best des- 
cribed as Cband signatures that consist of the brightness values for 
the 4 multi-spectal channels (2 in the visible and 2 in the near 
infrared part of the spectrum). Differences in the reflectance on 

9 brightness value for these 4 bands taken collectively describe the 
separability that then defines the range plant communities. 

There are 3 basic methods used in creating spectral class statis- 
tics: supervised, unsupervised, and a mixed approach or guided 
clustering (Rohde 1978). In a supervised approach, training win- 
dows consisting of a group of pixels (picture elements) that are 
known to represent a range plant community from field observa- 
tion are selected and related to ground data. Statistics describing 
these windows are generated by the computer (mean and standard 
deviation) and then extrapolated over the entire area being 
mapped and a classification and map are derived. This procedure 
has proved useful in agricultural areas and other landscapes where 
the mapping units are already known. However, for heterogeneous 
rangelands there are usually a significant number of pixels that are 
not classified because it is difficult to locate and identify homo- 
geneous training sites for all existing range plant communities. 

In an unsupervised approach, a clustering algorithm is used to 
group all pixels into clusters with similar spectral response. The 
spectral response limits of spectral clusters in PIXSYS can be 
controlled by setting maximum standard deviation, minimum dis- 
tance between cluster centers, and a minimum number of pixels 

‘The PIXSYS software package developed at Oregon State University was acquired 
for analysis of the Landsat digital data. 
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Tabk 1. Singk stage clustering parameters for determinhg sample size. 

Resource class N(i) P(i) E n(i) L 
Early sagebrush 1030.78 .9 .I 24 24 
Upland big sagebrush 
Drainage big sagebrush 
Crested wheatgrass grazed in the spring 
Crested wheatgrass grazed in the fall 
Meadow 
Big sagebrush - green Rabbitbrush 
Mountain brush 

N(i) is the total size of class i/9 
P(i) is the estimated accuracy of &ss i. 
E is the estimated accuracy of class i. 
n(i) is the number of clusters needed, (sample sise). 

1221.67 
142.78 
379.78 

216.78 
121.78 
276.11 

L is the actual number of clusters sampled, (actual sample size). 

.85 
:: 

34 35 
.93 16 15 
.95 .I 12 I2 

the entire area has heen evaluated 
.95 .l 12 
.75 

:t 
:26 3 

.75 43 5 

allowed in a cluster. This procedure classifies most pixels and can 
be interpreted and reinterpreted until the classification fits the 
range vegetation mosaic at an acceptable level as determined by 
ground sampling. It also eliminates the need for locating homo- 
geneous training sites since the computer groups like pixels 
automatically. 

was located so accuracy could be assessed. Minimum sample size 
required for each class (Table 1) was determined using the formula 
(Todd et al. 1980): 

In mixed or guided clustering approach a combination of the where: 

above 2 approaches is used. A training window, containing some 
general vegetation type as determined from field observation, is 
selected by the analyst to include subtle differences in vegetation 

’ patterns that are difficult to identify using either of the above 2 
approaches alone. This allows the definition of unique Cband 
signatures for homogeneous plant communities not readily defined 
in the unsupervised classification. 

n(i) = N(i)p(i)q(i) 
(N(i) (B*/t*)) + p(ihRi) 

n(i) is the number of clusters needed (sample size) 
N(i) is the total size of class i divided by 9 
p(i) is the estimated accuracy of class i 
E is the allowable error (0.10) 
t is the Student’s I statistic at the allowable error and 
q(i) is L-p(i) 

In this study a combination of all 3 of these methods was used to 
arrive at the final classification map. The supervised approach was 
used for the hay meadows and the unsupervised and guided cluster- 
ing approaches were used on the various sagebrush communities. 

Accuracy Evaluation 
Ground data for evaluation plots were randomly selected on 

1:24,000 color infrared aerial photographs using a grid system with 
each cell being the size of a pixel. These plots were plotted on 
1:24,000 scale topographic maps and their vegetation types verified 
through field observation. Normally, evaluation samples are select- 
ed from the iandsat classification map to obtain a completely 
random sample (Todd et al. 1980). In this study random samples 
were not used because of the variable nature of range vegetation 
(making it difficult to locate homogeneous evaluation plots). Eco- 
tones were not sampled since they constitute a source of noise- 
induced error (Daus 1975) where boundary Landsat pixels will 
include reflectance information from both plant communities. 

The initial estimated accuracies of the different classes (p(i)) were 
determined by preliminary field checking of easily accessible field 
plots and calculating the percent correct. 

Accuracy was calculated in the form of percent correct in class i 
and an average classification accuracy calculated from these values 
(Table 2). Confidence intervals were calculated using the standard 
Student’s t formula (Table 3). The standard error of the estimate of 
p(i) (S.E.(p(i)) was used to calculate confidence intervals using the 
formula for an even number of sample elements within cluster 
samples (Cochran 1963); 

S.E.(p(i)) q  v!! 

where: g.B. (p(i)) is the standard error of the estimate p(i). 
puj IS the percent correct in the jth cluster in class i, 
p(i) is the percent correct for class i, and 
n is the number of clusters in class i. 

Results and Discussion 

Within each evaluation plot at least 1 3X3 pixel cluster sample 

Table 2. Vegetation ckssifiatlon l ccurecy. 

The final Landsat classification resulted in 14 spectral classes 
representing 8 range plant communities (Table 4). Spectral signa- 
tures for the 14 spectral classes are very similar (Fig. 1). 

Number of ground observations 
Crested Big 
wheatgrass sagebrush 

Early Upland Drainage grazed in green Mountain 
sagebrush bigsage bigsage spring rabbitbrush brush Meadow 

Number of Landsat observations 
Early sagebrush 187 2z 1 2 
Upland bigsage 10 5 3 5 
Drainage bigsage 8 120 1 2 
Crested wheatgrass grazed in spring 19 6 103 
Big sagebrush-green rabbitbrush 2 23 
Mountain brush 11 35 
Meadow 2 103 

Total 216 315 135 108’ 27 45 108 

Number of unclassified pixels 9 1 1 5 

Percent correct 86.6% 74.4% S&2% 95.4% 85.2% 77.8% 95.4% 

‘Two pixels fell into the crested wheatgrass grazed in the fall class, which is not represented in this table since the entire class was sampled. 
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T&k 3. Accuracy -t of LnndMt ch&3inc8on. 60 

Percent correct 
Standard error & confidence 
of the estimate interval at 

Vegetation class (%I .05 level 

Early sagebrush 2.67 86.6% f 5.51 
Upland big sagebrush 4.22 78.4% f 8.57 
Drainage big sagebrush 2.17 88.2% f 4.62 
Crested wheatgrass grazed in 2.54 95.4% f 5.53 

spring 
*Big sagebrush- 85.2% 

green rabbitbrush 
Mountain brush 7.87 77.8% f 20.23 
Meadow 2.54 95.4% f 5.75 
Crested wheatgrass grazed in fall Entire class was 83% 

sampled 

Mean accuracy of all sample plots 

*Inadequate sample for calculation of statistics. 

86.4% 

The sagebrush classes have progressively higher means across 
the 4 bands as canopy cover decreases from class to class (Fig. 2). 
The meadow classes have a characteristic spectral signature for 
dense green vegetation. The grass classes (Grass 1,2,3,4) have a 
characteristic green shift in band 6 with Grass 4 being highest in 
band 6 as expected since it is not grazed until fall and it is on the 
more moist site, giving it the highest green biomass (Fig. 3). Grass 3 
is not grazed until fall either, but has considerable invasion of 
sagebrush, causing it to fall between Grasses 1 and 2 in band 6. 
Grasses 1 and 2 are grazed in the spring. 

Fig. 1. Mean spectral radiance for each statistical class. 

The percentage correctly classified ranged from a high of 95.4% 
for the sample plots in the crested wheatgrass seedings grazed in the 
spring and for the meadow class, to a low of 77.7% for the sample 
plots in the mountain brush vegetation (Table 2). The overall mean 
classification accuracy for all sample plots was 86.4% (Table 3). 

Most of the 14 spectral classes were identified by careful photo 
interpretation. However, classes such as Bigsage 1 and 2 and Grass 
3 and 4, while different on the ground, could only be separated 
using the computer and spectral space as defined by the Landsat 
digital data. They were not readily identified on the aerial 
photographs. 

plant vigor. Bigsage 3 was found exclusively in the drainage bot- 
toms where it has the highest canopy cover and the greatest overall 
vegetation vigor. Bigsage 2 (medium density) was found either in 
conjunction with Bigsage 3 along drainage bottoms or in smaller 
drainages at the base of the mountain range where soils are deep 
and relatively moist. Bigsage 1 has the lowest canopy cover and is 
found with greater frequency on shallower soils as one moves 
eastward from the mountain range. 

The big sagebrush types were separated into 3 different big 
sagebrush spectral classes (Bigsage 1,2, and 3). Bigsages 1 and 2 
were combined to form the “upland bigsage” range type because 
they are extremely difficult to differentiate in the field. Differences 
among the big sagebrush classes were related to canopy cover and 

These 3 big sagebrush classes are generally related to 3 sub- 
species of big sagebrush found in the area. Bigsage 3 (drainages) is 
dominated by big sagebrush, Bigsage 2 (intermediate big sagebrush 
sites) by mountain big sagebrush, and Bigsage 1 (poorest big 
sagebrush sites) by Wyoming big sagebrush. 

Only one spectral class representing the early sagebrush type 
could be identified. Early sagebrush is relatively homogeneous and 
consistent on clay hardpan soils of the lower parts of the study 
area. Early sagebrush areas are referred to as lowsage in the tables 
and Figure 2. 

1 I I I I 

BAND 4 BAND 5 BAND 6 BAND 7 

Tabk 4. Suamwy of statktkal and resource ckmu for the Savd study area. 

Statistical class 

Lowsage 

Bigsage I 
Bigsage 2 

Bigsage 3 

Grass I 
Grass 2 

Grass 3 
Grass 4 

Meadow 
Meadow 1 
Meadow 2 

Mountain I 
Mountain 2 

Bigrab 

Resource class Pixels Hectares Percent of total area 

Early sagebrush 9077 4099 26.3% 

Upland big sagebrush 10712 4837 31.0% 
Upland big sagebrush 

Drainage big sagebrush 1250 564 3.6% 

Crested wheatgrass 5878 2654 17.0% 
Grazed in the spring 

Crested wheatgrass 1174 530 3.4% 
grazed in the fall 

Meadow 1901 860 5.5% 

Mountain brush 2423 1094 7.0% 

Big sagebrush-green rabbitbrush 1076 486 3.1%’ 

Unclassified 1009 496 3.2% 

Total 34500 15619 100.00% 
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_ LOWSAGE 
. . . . . . . . . . SlGSAGEl 

.-.-SlGSAGE2 

. . . . . . . . . BIGSAGE 

60 
_ GRASS 1 
.._....... GRASS 2 

.-.-GRASS 3 

so 
. . . . . . . . . GRASS 4 

BAND4 BAND5 BAND6 BAND7 BAND 4 BAND 5 BAND 6 BAND 7 

Fig. 2. Meon spectral radiance for each sagebrush cleps. 

The crested wheatgrass seedings were divided into 4 different 
spectral classes. Grasses 1 and 2 were grazed heavily in the spring 
and have considerable bare soil. Grass 3 is confined mostly to one 
pasture that was grazed only in the fall. It was more vigorous than 
Grass I or 2. Grass 4, also grazed in the fall, was even more 
vigorous than Grass 3, because it was located in a moist bottom- 
land close to a drainage. The 3 meadow spectral classes were 
grouped together because meadow classification was not the 
emphasis of the study. 

At the base of the mountain range there were 2 mountain brush 
classes that were also combined to form a single class dominated by 
a variable mixture of big sagebrush, mountain mahogany (Cerco- 
carpus ledifiius), and bitterbrush (Purshia tridentata). A final 
range type identified was a mixture of big sagebrush and green 
rabbitbrush. It is composed of nearly an even mix of big sagebrush 
and green rabbitbrush (Chrysothamnw viscidiflorus) and is usu- 
ally found in the lower parts of major drainages. 

Some pixels remained unclassified (Table 2). These pixels were 
either ecotones or areas not large enough to form their own statisti- 
cal classes such as corrals or small stock watering ponds. Few 
software packages depict unclassified pixels. However, they are 
valuable for quickly locating and evaluating areas that do not 
represent any class and for decreasing misclassification. Because of 
vegetation heterogeneity, no given range should be classified with- 
out some unclassified pixels. In this classification 1,009 out of 
34,500 or 2.9% of the pixels remain unclassified, a reasonable 
number for an allotment of this size. This characteristic of the 
analysis can be extremely valuable in identifying resource classes 
that may have been overlooked. 

The early sagebrush vegetation presented 2 major classification 
problems. First, a large number (41) of “upland bigsage” pixels 
(Bigsage I) were included in the early sagebrush class. Field inves- 
tigation revealed the areas of upland big sagebrush tend to be 
confused with early sagebrush since they had low canopy cover, a 
high percentage of bare soil, and recently had received heavy 
grazing. Second, some early sagebrush (19) pixels were placed in 
the grass category. These spots were difficult to locate precisely in 
the field because they are so widely scattered. This classification 
problem appears on areas where early sagebrush is very sparse and 
where cheatgrass (Bromus tectorum) and bare soil are common. 

630 

Fig. 3. Mean spectral rodtoncefor each gross class. 

Areas of sparse early sagebrush produce a spectral signature sim- 
ilar to that of grazed crested wheatgrass (Grass 1 and 2). Also, this 
misclassification may be caused by a high density of ant mounds 
1.5 to 2m in diameter. A large number of mounds and bare soil in 
early sagebrush stands produces a signature similar to grazed 
crested wheatgrass. 

Mountain brush and upland big sagebrush communities were 
confused (11 pixels). Mountain brush types occur in patches 
throughout the upland big sagebrush with no definite transition 
zone. Field interpretation is difficult and is likely the cause of some 
classification errors. 

Neither the mountain brush or big sagebrush-green rabbitbrush 
classes were adequately sampled (Table 1). Both plant communi- 
ties are widely scattered and were often represented by 1 or a very 
small group of pixels. Sampling was thus extremely difficult and 
obtaining an adequate sample was impossible. Percentage correct 
results for these 2 classes may be misleading. Their scattered distri- 
bution made it impossible to conclude whether misclassification 
errors were due mostly to the scattered and spotty nature of the 
stands or whether they were not spectrally distinct. 

Using the PIXSYS software with Landsat digital data and 
guided clustering techniques, 3 different canopy cover classes of 
big sagebrush and 2 different sagebrush communities, early sage- 
brush and big sagebrush, were separated. On crested wheatgrass 
seedings, those grazed in the spring are readily separable from 
those grazed in the fall. Crested wheatgrass grazed in the spring 
was not separable from cheatgrass-invaded areas in early sage- 
brush vegetation. 

The spectral differences among range plant communities as 
derived from Landsat classifications are often very small. Differ- 
ences between spectral classes that represent these communities 
tend to approach the noise level of the Landsat data. Because of the 
lack of relatively large homogeneous evaluation sites, it was impos- 
sible to conclude whether mountain brush and big sagebrush-green 
rabbitbrush were always distinguishable from other sagebrush 
communities at the study site. 

A difficult problem common to this and most Landsat studies is 
the requirement for adequate ground data. Other techniques for 
separating vegetation signatures from bare ground signatures such 
as band ratioing (Tucker 1977) deserve investigation on desert 
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shrublands. 
Landsat digitized classification and mapping has potential for 

use in rangeland vegetation inventory. Studies such as this, Max- 
well’s (1976), and Bonner and Morgart’s (1980) show that Landsat 
is a presently available data source that can be used to collect at 
least general baseline data for range inventories. With continued 
research into the use of digital Landsat data for automated range- 
land inventories, combined with digitized aerial photography and 
geographic information (elevation, slope, soils, etc.), range trend 
and productivity may eventually be monitored economically and 
on a regular basis. 
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Browsed-class Method of Estimating Shrub 
Utilization 

ERVIN M. SCHMUTZ 

Abstract 

The browsed-class method has been developed to measureshrub 
utilization based on total weight of the plant. It uses growth form 
to place grazed shrubs into 6 browsed-classes. The method is fast, 
statistically sound, relatively free from personal bias, easy to learn 
and use, and can be used in research or land manngement. In a 
IO-year ease study to determine proper use of hairy mountnin- 
mahogany, plants were clipped initially and then reclipped once 
each year in the fall or winterovera ‘I-yearperiod at 0,10,30, JO, 70 
and 90 % levels based on total weight of the plant. This was 
followed by P 2-year recovery study. Parameters studied were 
numbers, length, and production of twigs; area of live and dead 
crown cover; and general vigor and seed production. All criteria, 
except area of live crown cover, indicated that SO% of total weight 
WPS proper use of hairy mountain-mahogany. 

Millions of hectares of rangeland are dominated by shrubs. 
Manyoftheseshrubsarelowquality species invadingorincreasing 
at the expense of valuable forage species. However, many shrubs 
are valuable forage species that can be increased in abundance by 
proper use, treatment, and management. A necessary tool for good 
management is a reliable method of evaluating proper use of 
shrubs. 

Most browse utilization methods are based on ocular estimates 
or measurements of twig length, numbers or weight to evaluate 
the percentage of current annual twig growth utilized (Dasmann 
1948, NAS-NRC 1962, Smith and Urness 1962, Smith et al. 
1963, Basile and Hutchings 1966, Stickney 1966, and Jensen and 
Scatter 1977). Methods using measurements are generally time 
consuming, which often results in inadequate sample size. Faster 
methods based on ocular estimates are generally subjective, 
require extensive training, and have an uncertain degree of accu- 
racy. To belp solve these problems the browsed-class method, 
which uses photo guides based on total plant weight, was deve- 
loped to estimate browse utilization. Also, since there were no 
data on proper use based on total shrub weight, a IO-year study 
was initiated to measure the effects of 6 degrees of clipping on 
mountain-mahogany (Cercocarpus rn~nfmw var. parrcidenratus 
(S. Watson) F.L. Martin). The method is discussed in Part I and 
the utilization case study in Part IL 

agencies to estimate past use and vigor or condition of browse 
species (Dasmann 1951, Pattonand Hall 1966, U.S. Forest Service 
1981). The method uses photo guides of shrubs based on height- 
weight curves to place randomly selected plants in 6 browsed 
classes-O, IO, 30,50,70,and 90%use(Fig. 1). Sincetheclassesare 
based on height-weight curves, they evaluate percentage of weight 
utilized. Also, since estimates are based on growth form, variations 
in height due to wet or dry years, deep or shallow sites, fertile and 
unfertile soils, age, etc., are automatically adjusted for by the eye. 

The method is a departure from conventional shrub utilization 
methods in that estimates are based on total weight of the plant 
rather than on current twig growth. As a result it primarily mea- 
sures trend in utilization (in comparison to previous years esti- 
mates) but also shows the level of current use (in comparison to 
ungrared plants). Since shrubs do not die back to the ground each 
year, trends in utilization are sufficient for shrub management. 
When trends show that utilization is approaching or exceeding 
proper use, adjustments can be made in game and/or livestock 
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numbers and/or management to correct the situatio?. Subse- 
quent utilization estimates will determine if adjustments are 
adequate. 
Test and Analysis of the Browsed- Class Method 

The accuracy of the browsed-class method was tested by 4 
students using a photo guide for hairy mountain-mahogany on 72 
clipped plants in 3 Forest Service exclosures. Hairy mountain- 
mahogany is a dominant in the upper elevations of the Arizona 
chaparral (Nichol 1952, Lowe 1964). The plants were clipped to 
browsed-class percentage levels using height-weight curves as a 
guide. The exclosures were the Buckman Flats and Dote exclosures 
15 km west of Prescott, Ariz., and the Stockton Pass exclosure 
approximately 50 km north of Willcox, Ariz. None of the examin- 
ers had used the browsed-class method previously although all 
were acquainted with the similar grazed-class method for grasses 
and forbs (Schmutz et al. 1963) and one had helped clip some 
shrubs several years before. 

There were two main objectives to the test. One was to determine 
the length of time (or experience) needed by the estimators to 
obtain certain levels of accuracy and the other was to determine the 
size of samples required by experienced estimators to obtain var- 
ious degrees of accuracy. 
llaining Needed by Inexperienced Personnel.. 

To determine the amount of experience needed for a given 
degree of accuracy, repeated estimates were made on the clipped 
plants at intervals over several months for a total of 840 observa- 
tions. The estimates were then compared with the mean of the 6 
clipped browsed-class percentages. Results showed that after 4.5 
hours of experience average estimates of browse utilization on 
hairy mountain-mahogany by the 4 estimators using the browsed- 
class method varied less than 5% from the browsed-class mean at 
the 95% level of confidence (Fig. 2). This represents a high degree 
of accuracy compared to other methods used. Similarly, the nar- 
row confidence intervals about the estimated means after 4.5 hours 
practice indicate a high degree of precision. Three of the 4 estima- 
tors reached the above degree of accuracy after 2.5 hours of prac- 
tice. The high degree of accuracy confirms that there is a close 
correlation between growth form and weight estimates when esti- 
mates are made by experienced personnel. Also, the large sample 
possible within a given unit of time provides for a more representa- 
tive sample of the area being surveyed and errors due to sampling 
or variations in growth form are compensating. As with the grazed- 
class method, the trend of the confidence intervals above the 
browsed-class mean shows that estimators tend to under-estimate 
utilization when the method is first used (Fig. 2). 
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Fig. 2. Confidence intervals of utilization estimates on hairy mountain- 
mahogany by 4 estimators using the browsed-class method over time at 
the 95% level of confidmce. 
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Fig. 3. Relationship of sample size to coefftient of variation at the 95% 
level of confidence by lestimatorsafter 3- to S-h&s experience with the 
browsed-class method. 

Sample Size Needed by Experienced Personnel 
To test the size of sample needed by experienced personnel for a 

desired degree of precision, estimates were made after 3-to 5-hours 
experience by the 4 estimators on the 3 study areas and analyzed 
(Fig. 3). Results show that under these conditions on the average a 
sample size of 50 plants will give an estimate of utilization within 
10% of the browsed-class mean at the 95% level of confidence. 
Projection of these data indicates that on the average a sample size 
of 110 plants would be required for an estimate within 5% of the 
browsed-class mean at the 95% level of confidence. Variations in 
coefficients on the left side of the chart are due to a combination of 
small sample size and lack of experience by the estimators. Sample 
sizes for other key species may vary from these results. 

Use of the Browsed-Class Method 
As indicated, the browsed-class method uses photo guides of 

browse species (Fig. 1) to place plants of key species into 6 grazed 
classes. Plants are recorded by dot-dash tally, totalled by classes 
and converted to percentages (Fig. 4). Each key species should be 
sampled separately. If more than one estimate is desired a second 
key species or key area should be sampled. If 50-plant samples are 
taken, the class totals are doubled for class percentages. If IOO- 
plant samples are taken, class totals equal class percentages. For 
odd-sized samples the individual class percentages are divided by 
the total sample. Sample class percentages are then multiplied by 
the respective browsed-class percentage (as a decimal fraction) and 
products added for the current level of browse utilization. 

In general, the best sampling procedure is to stratify range areas 
into reasonably uniform soil units or sites. Then, as far as possible, 
sample the areas crosswise to drainages, soils, slopes, and trails to 
obtain a representative sample. To get good distribution of rela- 
tively unbiased samples, take them nearest the toe at regularly 
paced intervals in straight lines. To facilitate locations of plants, 
select plants nearest the toe within a 3- to Cmeter strip on either 
side of the sample line and ahead of the examiner. Only plants 
available for browsing, usually less than 1.5 m in height, should be 
sampled. Sample size will vary with degree of precision desired. 
Tests show that a 50-plant sample can be taken in 15 to 30 minutes 
and a lOO-plant sample in 30 to 60 minutes depending on roughness 
of terrain and frequency of plants being sampled. Estimates on 
shrubs can be made at any time of the year but are most useful at 
the end of the grazing season or year. 
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Fig. 4. Method of recording estimates and calculating degree of utilization 
by the browsed-class method. 

Proper annual grazing capacity per se cannot be estimated from 
a browsedclass estimate because there is no assurance whether the 
current level of use represents the current year’s use or an accumu- 
lation of several years of use. However the estimate does show the 
current level of use and its relationship to proper use can be 
estimated with the following formula: 

Estimate of current level 
Current relative nercentane = of use-“/o 
of proper use 

._ 
Percentage of proper use 

For example, if the estimate of the current level of use for the key 
species is 30% and its percentage of proper use is SO%, then the 
current relative percentage of proper use is 30 f 50, or 60%. From 
this it can be assumed that the current level of use can be increased 
40% (20 + 50) without damage to the vegetation. Also, a compari- 
son of the current level of use with previous years estimate can 
show trends in utilization. 

In addition to current relative percentage of proper use and 
trends in utilization, the method can be used to calculate relative 
use of species, season of use, distribution of grazing, topography 
and soil effects, and the effects and economics of range treatments 
and practices. Treatments and practices that can be studied include 
water development, salting, fertilization, fencing, grazing treat- 
ments, and changes in the class of animals grazed. 

The browsed-class method uses the key species-key area concept 
to estimate the current level of use and current relative percentage 
of proper use, This concept assumes that when one or more key 
species of a key area has been properly utilized in relation to the 
associated species and the conditions on the range, the best possi- 
ble use of the area has been made. The method can be used in key 
areas as an index to utilization of the pasture as a whole, or over the 
entire pasture to estimate the various levels and distribution of 
grazing. If the key browse species used is the most palatable browse 
species, the level of current use in relation to the proper degree of 
use for that species will be the guide to proper use. If the key species 
used is a secondary browse species, then a proportionately lower 
percentage of use that will insure proper use of the most palatable 
key species must be used as a guide. In mixed grass-shrub areas 
where grasses are more palatable than the browse species for the 
animals being grazed, grasses will be the key species used to mea- 

sure proper use of the range. However, if the browse species are 
used in a different season than the grasses, both may be used, each 
for its corresponding season of use. Also, if different areas are used 
by different classes of animals, similar adjustments in estimates will 
be needed. To determine relative use between browse and/or grass 
species, separate utilization estimates may be made on several 
species in the same key area at the end of the grazing season or year. 

The use of photo guides to estimate browse utilization promotes 
consistency, facilitates rapid estimates, and simplifies calculations. 
The photo guide promotes consistency and accuracy because it 
provides a standard for comparison. Estimates are rapid because a 
quick comparison of the plant with the guide enables the surveyor 
to place it in the closest browsed class. The guide which shows 
various degrees of use also facilitates estimation of irregular use of 
plants. Mathematics are simple because estimates are recorded 
into browsed classes by dot-dash tally, totalled and converted to 
percentages by classes, multiplied by the respective browsed-class 
percentage (as a decimal fraction) and products added for the 
current level of browse utilization (Fig. 4). The validity of using 
classes to estimate utilization instead of specific percentage esti- 
mates was tested on grasses using the grazed-class method and was 
found to be accurate within one-tenth of 1 %(Schmutz et al. 1963). 

Because of excessively woody stems or hedged appearance of 
some ungrazed shrubs, it may not be possible to develop useful 
photo guides for all species. However, they are not needed on all 
species as long as guides on representative species are available. 
Also, patterns of use will vary for different classes of animals. The 
pattern of use for the enclosed photo guide for hairy mountain- 
mahogany (Fig. 1) is typical for these plants when grazed by cattle 
and deer. Patterns of use by deer alone or by other game species 
will probably be different. Also, patterns of use by the same classes 
of animals on other browse species will probably be different. 
However, the photo guides offer a standard against which these use 
patterns can be judged, particularly at the lighter more critical 
levels of use. 

Developing Browsed-Class Photo Cuhiea 
Photo guides for shrubs, like grasses (Schmutz et al. 1963), will 

need a close fit between the browsed-class percentages of the guide 
and the height-weight curves of the plants photographed. Also, the 
photo-guide plant should have an average curve for the species so 
that variations in growth form will be averaged. The following 
procedures can be used to develop guides. 

1. When plants are in full growth, locate 5 to 7 average plants of 
a given species and select a representative basal branch (like a pie 
wedge) for larger shrubs and the whole plant for smaller shrubs. 
Beginning at the top of each plant or branch, measure and clip the 
whole stem or plant into 5 to 7 sections (longer at the top and 
shorter at the base) and put each section in individual labeled paper 
sacks. Make and record all section height measurements from the 
base of each plant using the average of the 3 tallest twigs of the 
plant or branch for total height. Then average the total heights of 
the clipped plants and branches for average total plant height. 

2. Oven dry and weigh each shrub section and calculate the net 
total weight in each section. Then, beginning at the top of the plant 
or branch, total the cumulative weights for the various sections and 
calculate the cumulative weight percentages for each section by 
dividing the cumulative weight total for each section by the total 
weight. 

3. Beginning at the base of the plant, cumulate the heights of the 
various sections of each clipped plant or branch. Then adjust the 
section increment heights of the individual plant or branch to the 
average plant increment heights as follows: 

Average total 

Adjusted heights height of plants 

of individual 
plant increments 

= and/or branches X Increment heights 
Total height of of individual 

to average plant individual clipped plant or 
increments plant or branch branch 
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4. Plot the cumulative weight percentages of each individual 
plant or branch increment ag&st its adjusted cumulative height 
increment as shown in Figure 5. Use the lower left hand corner as 
zero on each scale and plot curves for 5 to 7 plants and/ or branches 
of a given‘species on the same chart. Then, by eye, plot an average 
photo guide curve using the 5 to 7 plants as a guide. From this curve 
determine the average height increments for the 6 browsed-class 
percentages 0, 10, 30, 50,70, and 90. 

5. Return to the field and select 4 to 6 average appearing plants 
of a given species for use in making a photographic guide. Using 
the increment heights for the 6 browsed-classes read from the 
average photo-guide curve of a given species, determine the clip- 
ping heights for the individual photo plants as follows: 

Clipping heights 
Total height of 

photo plant Browsedclass 
of classes for = X heights of 
individual photo Total height of average photo- 
guide plants average plant guide curve 

Use the adjusted browsed-class heights for each individual photo 
plant to photograph it as unclipped and 10, 30, 50, 70, and 90% 
clipped heights, then clip the last section to ground level. Sack 
plant clippings separately, oven dry, weigh, calculative weight 
increments and weight percentages, and plot weight percentages 
against respectiveheight increments adjusted to average heights as 
in section l-4 above. Determine if the curve of at least one plant is 
average and if the browsed-class percentages of the clipped plant 
closely match the standard browsed-class percentages (within 2 or 
3 percentage points). If a close match is obtained, trim the 
browsed-class photos and rephotograph them on a photo-guide 
background (see Fig. 1). If not, return to the field and photograph 
average plants until a close tit is obtained. 

Experience has shown that photographs taken from a low angle 
give better photo-guides for low shrubs and mid-level is best for 
plants up to 1.5 m in height. Taller plants are usually unavailable 
for grazing and should not be used. A black velour background 

Go 
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Fig. 5. Height-weight curves for hairy mountain-mahogany. llae photo- 
guide line shows the average curve neededforphotographing and check- 
ing thephoto-guideplants. 
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gives sharper plant outlines and reduces glare. A yellow or green 
filter increases contrast. 

Previous studies showed that a single photo guide properly 
developed for an average plant and a typical site can be used for a 
specific grass without serious error throughout the Southwest on 
all sites in wet and dry years (Schmutz’l978). While there was some 
variation in growth form, these variations were averaged out with 
the large sample possible. Photo guides for individual shrub spe- 
cies probably can be used over similar wide areas. 

Part II. Proper Use of Hairy Mountain-Mahogany 
Based on Total Plant Weight 

A case study was conducted in the Buckman Flats, Dote, and 
Stockton Pass exclosures described above on the same clipped 
plants. In each exclosure there were 4 replications of hairy 
mountain-mahogany plants clipped at 0, 10, 30, 50, 70, and 90% 
levels of total plant weight (Fig. 1) using height-weight curves as a 
guide (Fig. 5). The same plants, except the unclipped plants, were 
reclipped at their respective levels once each year in the fall or 
winter for 7 years. The current twig growth on the unclipped 
plants was clipped only once (at the end of the 7th year). Before 
reclipping, all plants were evaluated for live and dead crown 
cover, number of twigs by classes (0, l-5, 6-20, 21-50, 51-100, 
and lOl+), and length of 5 longest twigs selected in the center 
and N, E, S, and W perimeters of each plant. Following these 
measurements all current twig growth above the original clipped 
level was removed, oven-dried, and weighed to determine yield. 
After completion of the clipping study, the shrub measurements, 
except yield, were made for 2 years to measure recovery of the 
shrubs from the clipping treatments, and ocular estimates were 
made to evaluate the effect of intensity of clipping on general 
plant vigor and fruit production. Concurrently with the above 
studies, nutrient analyses were made to determine the effect of 
clipping on nutrient content of twigs, stems, and leaves. 

Twig Production and Proper Use 
Twig production on shrubs largely ceases after shrubs mature, 

otherwise they would become trees. However, removal of twigs or 
stems usually stimulates regrowth. Stimulation of average twig 
production for the average of all 3 exclosures was highest at the 
50% clipping level (Fig. 6) but this production was not significantly 
greater at the .05 level of significance than the other clipped levels, 
except the 90% level, because of wide variations in production 
between exclosures. Separate exclosure analyses showed that twig 
production at the 50% level was consistently greater than the 70 or 
90% levels but not the 10 and 30% levels. Therefore, these data 
show that utilization greater than 50% of the total weight of the 
plant is detrimental. 

Twig Growth and Proper Use 
The greatest number of twigs was also produced on the plants 

clipped to 50% of total weight (Fig. 6). These numbers were not 
significantly greater at the .05 level of significance than those on the 
30 and 70% clipped plants. Similarly, the 30, 50, and 70% plants 
produced the longest twigs (average of 5 longest) and they were 
significantly longer than those on the 0, 10, and 9O%plants (Fig. 6). 

Crown Cover and Proper Use 
As expected, area of live crown cover was significantly reduced 

by the various degrees of clipping (Fig. 6). At the .05 level of 
significance, live crown cover was significantly greater at the 0 and 
10% clipped levels, intermediate at the 30 and 50% levels, and 
smallest at the 70 and 90% levels. The 50% level of clipping, which 
reduced the crown cover about 50%, actually was not detrimental 
since it stimulated twig numbers, length, and production to their 
highest levels. 

The area of dead cover was lowest at the 50% level, but not 
significantly so except compared to the unclipped plants (Fig. 6). 
The percentage of dead crown cover compared to total crown 
cover was also lowest (2.1%) at the 50% level but was highest 
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(21.7%) at the 90% level. Intermediate percentages were 5. I and 
52%at the Oand 70% clipping levels and 3.0 and 2.8% at the 10 and 
30% levels, respectively. 

Recovery Following Clipping 

Effect of Clipping Intensity on Nutritive Content 

To evaluate recovery following clipping, estimates were made 
for 2 years on live and dead crown cover, length and number of 
twigs, plant vigor, and fruit production. Live and dead crown cover 
varied little from previous clipped classes, respectively. Annual 
twig growth on the clipped plants during the Zyear period aver- 
aged about the same per year as in previous years except on the 
90% clipped plants where the total 2-year growth only equaled the 
average yearly growth of previous years. The number of twigs did 
not change significantly during the 2-year recovery period on the 0, 
10,30, and 50% clipped plants but decreased 19% on the 70% and 
50% on the 90% clipped plants. Twigs appeared in good vigor on all 
plants in all areas except the 90% clipped plants where vigor was 
poor. During the Zyear recovery period no fruits were produced 
on any plants in the Buckman Flat exclosure, a droughty site. On 
the Dote and Stockton Pass exclosures, fruits varied from few to 
numerous with abundance in inverse proportion to the degree of 
clipping. 

Nutrient analyses were made to determine if the degree of clip- 
ping had a significant effect on the carbohydrate, nitrogen, and 
phosphorus content of the mountain-mahogany twigs. No sig- 
nificant differences were found. These results conform to the tind- 
ings of Dietz (1965) and Shepherd (1971). Checks also substan- 
tiated the findings of Dietz that leaves of twigs were higher in 
nutrients than twig stems. 

Conclusion on Proper Use 
All criteria used in this study, except area of live crown cover, 

indicated that 5% use of the total weight of hairy mountain- 
mahogany should be the objective of proper management. In all 
cases the 5% level rated equal to or better than the 30 and 70% 
levels, nearly always better than the 0 and 10% levels, and always 
better than the 90% level. This compares with the result of Neff 
(1965). Using a different clipping procedure on Buckman Plats 
exclosure (based on current twig growth only), he concluded that 
75% of total current twig growth was proper use on hairy 
mountain-mahogany. 

These results show that recovery was good on all plants except 
those clipped at the 90% level. Other shrubs may respond differ- 
ently depending on species and season, intensity, and frequency 
of clipping,(Cook and Child 1971, Trlica et al. 1977). 

In situations where the 50% level of use will result in detrimental 
effects to other desirable plants a lower level of use should be the 
objective. Also, since this study simulated seasonal fall and winter 
use, a different level of use may be desirable under other condi- 
tions, especially where repeat grazing occurs. However, the near 
100% level of current twig clipping used in this study would balance 
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out, at least in part, the effects of repeat clippings. In any case the 
levels of clipping used in this study indicated that hairy mountain- 
mahogany is highly resistant to grazing. 
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BRANDAIDS Needed? 

Copies of BRANDAIDS, the booklet developed by the Society for Range Management to 
help ranchers weather the difficult financial climate, are available from the Society headquar- 
ters, 2760 West 5th Avenue, Denver, CO 80204. A single copy per individual for a single 
instance is available free of charge. Two to 100 copies may be purchased @75c each, 
postpaid; more than 100 are 5OC each. Please allow 2 weeks delivery after receipt of your order. 
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Feral Herbivores Suppress Mamane and Other 
Browse Species on Mauna Kea, Hawaii 
PAUL G. SCOWCROFT AND JON G. GIFFIN 

Abstract 

AbulXhU?,sllWivai+ndglXBwtbof mamane(sopAom&V=YhV~) 
regeneration were determined inside and outside sheep exciosures 
located in heavily browsed portions of the mamane forest of 
Maunr Kea, Hawaii. Vegetational cover of other species was esti- 
mated. Mamane grew abundantly inside 16-year-old exclosures 
but was sparse outside. Heigbt class distributions indicated tbat 
feral sheep prevented eatabllsbment of regeneration. Survival of 
seedlings and sprouts at 2-year-old exclosures was greater inside 
than outside. The largest difference between survival inside and 
outside was found where browsing pressure was greatest. Mamane 
reproduction exposed to browsing tended to be shorter than pro- 
tected reproduction. Rate of beigbt growth for protected mrmane 
reproduction was signiflcantiy affected by exclosure location. 
Cover data for preferred browse species other tbrn mamane indl- 
cated that 3 endemic grasses-Hawaiian bent (AgrosHs s&i- 
cerise),, be’upueo (The&m glomeratum), and Descham~sia aus- 
trak, an endemic shrub-abeabea (Chenopodiwn oahuense), and 
an introduced forb-gosmore (Hypoclrwr radihta)-were sus- 
ceptible to browsing. On the basis of these findings, vegetation 
recovery should be rapid ln most areas where feral sheep are 
eliminated or reduced. 

The mamane (Sophora chrysophylla) forest of Mauna Kea, 
island of Hawaii, occupies about 22.000 ha between 1,800- to 
2,900-m elevation. The forest is open woodland of pure mamane, 
except along the southern flank where mamane and naio (Myopo- 
rum sandwicense) form dense stands to about 2,500-m elevation. 

The xeric, high elevation forest is critical habitat for the Palila 
(Psittirostra bailleui), an endangered Hawaiian bird (Berger et al. 
1977). Fifteen Hawaiian plant species growing within the forest 
have been recommended for inclusion in the list of threatened and 
endangered species of the United States (Ripley 1975). 

These species are endangered partly because of the damage done 
by feral sheep (Ovis aries) during the last 150 years. Feral sheep 
became established on Mauna Kea in the 1820’s. Lacking natural 
predators, except for the wild dog, the sheep population reached 
about 40,000 animals by the early 1930’s, one for every 2 ha of 
habitat (Bryan 1937). They extensively suppressed mamane and 
other tree reproduction, stripped bark from tree stems, and con- 
sumed herbaceous vegetation, thereby leaving the soil exposed to 
accelerated erosion (Warner 1960). Because damage to the forest 
was severe, Hawaii Territorial foresters reduced the population 
through sheep drives and hunter-guide programs. Under sustained 
yield management for public hunting, which started in 1955, the 
population was kept below 5,000. During the 1970’s, the popula- 
tion averaged 1,500 animals. Even at this relatively low level, 
mamane regenerated little or not at all in areas where sheep tended 
to concentrate, especially at tree line. 

Cattle (Bos taurus), Mouflon sheep (&is musimon), and feral 

Authors are research forester, Pacific Southwest Forest and Range Experiment 
Station, Forest Service, USDA, Honohdu, Hawaii, and wildlife biologist, Hawaii 
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goats (Capra hircus) also have contributed to destruction of native 
vegetation in this ecosystem. Cattle have done the most damage on 
the forest below 1,800-m elevation. Mouflon and goats are found 
primarily above 1,800 m, but damage has been limited because of 
their recent establishment in the forest and small populations (200 
to 300 mouflon and 150 to 200 goats). 

Because of continued forest degradation and the attendant 
threat to the Palila, the United States District Court for the District 
of Hawaii ordered the State of Hawaii to remove feral goats and 
sheep completely and permanently from those portions of the 
mamane forest designated as critical Palila habitat. Included were 
the Mauna Kea Forest Reserve up to an elevation of 3,000 m, the 
Kaohe Game Management area, and the upper Waikii parcel (U.S. 
Government Printing Office 1977). Eradication was completed in 
August 1981. But influx of feral sheep from areas adjacent to the 
critical habitat will require periodic hunts to comply with the court 
order. 

This paper reports a study to evaluate changes in vegetative 
cover on high-use areas protected from grazing and browsing 
animals and to determine abundance, survival, and growth of 
mamane regeneration inside and outside animal exclosures. The 
results indicate the direction and speed that vegetation recovery 
should take once feral herbivores are removed. 

Study Sites 

Two sets of exclosures were examined. The Puu Nanaba, Puu 
Kole, and Kaluamakani exclosures were built in 1963 by the U.S. 
Soil Conservation Service and the Hawaii Division of Fish and 
Game. The Puu 0 Kauha, Hale Pohaku, and Wailuku exclosures 
were built in 1972 by the Forest Service, U.S. Department of 
Agriculture, in cooperation with the Hawaii Division of Forestry. 
All 6 exclosures were established at or near tree-line where brows- 
ing pressure was greatest (Fig. 1). 

: 
1963 Sheep exclosures 
1972 Sheep exclosures 

_@ Mamane forest 

Fig. 1. Location of the 1962 (a) and 1973 (e) sheep exclosure study sites 
within the Mauna Kea Forest Reserve, Island of Hawaii. 
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Tabk 1. Site attributes of the six exclouuw establbbed within the maman e foraxt of IGUM Kea, Island of Hardi. 

Site attributes Puu Naaaha Putt Kole Kaluamakani Puu 0 ICauha Wailuku Hale Pohaku 

Year built 1963 1963 
size (ha) 0.4 0.4 
Elevation (m) 2750 2860 

Aspect NW SE 
Slope (%) 20 30 
Annual rainfall (mm)’ 380 700 
Soil taxonomy* Very stony land Cinder land 

Sheep population size 
(animals/ hay 

Dominant vegetation: 
overstory species 

0.17/0.13 0.17/0.22 0.3110.27 0.11/0.10 

Sophora Same 
chrysophylla 

1963 1972 1972 1972 
0.4 0.3 0.9 0.3 

2670 2750 2800 2770 
N SW E S 
20 20 15 30 
500 380 700 700 

Typic vitrandcpt, Very stony land Typic vitrandept, Cinder land 
medial over cindcry, medial over cindery, 
isomesic isomesic 

Same Sophom 
chrysophylla 
Myoporum 

0.14/0.12 

Sophora 
chrysophylla 

0.09/0.16 

Same 

Understory species Hypochoeris Danthonia pilosa Deschampsia spp. Agrostis avenacea Lkanthonia pilosa Danthonia pilosa 
radicata Holcus lanatus Tkisetum glomerata. Festuca megalura Styphelia spp Verbascum thapsus 

Holcus ianatus Djsetum glomerata Senecio sylvaticus Anthoxanthum Lkschampsia. spp. 
Rumex acetosella odoratum 

State of Hawaii 1970. 
TJoil Conservation Service 1973. 
‘Data from Hawaii Division of Forestry and Wildlife, Honolulu, Hawaii 96813. Estimates arc for 196211973 and indicate the number of sheep using the range around the 

exclosurc sites. 

The sites selected represent a diversity of soil, water, and brows- 
ing regimes (Table 1). The Puu Kole, Wailuku, and Hale Pohaku 
exclosures lie on the windward side of the mountain, and, there- 
fore, receive more rainfall than the other exclosures that lie in the 
rainshadow of Mauna Kea. The latter receive the bulk of their 
rainfall during intense, nontrade-wind winter storms. Snow is rare 
at all 6 sites. 

Three soil types are represented (Table 1). Differences found in 
soil of the same type were important. Puu Kole lies on the outside 
of a cinder cone and Hale Pokahu lies on the inside of a cone. Little 
soil development has occurred at Hale Pokahu. The Kahramakani 
exclosure is located on unstable deep loamy sand with little vegeta- 
tional cover. The same soil type at Wailuku is stable because of 
abundant herbaceous vegetation. Lava rock outcrops are found in 
the study areas at Puu Nanaha but not at Puu 0 Kauha. Of the 6 
sites, Kaluamakani and Hale Pokahu appear to be harshest for 
plant growth, primarily because of unstable soil. 

Methods 

Mamane-1963 Excloaures 
Although initial abundance and height data for mamane do not 

exist for these older exclosures, we did a comprehensive inventory 
in 1979. Height of each mamane plant inside and outside the Puu 
Nanaha and Puu Kole exclosures was measured to the nearest 0.1 
m. The outside areas were located within 15 m of the exclosures 
and were the same size. Trees that were obviously living at the time 
the exclosures were built, were recorded separately. We made no 
attempt to distinguish plants of sprout origin from those of seed 
origin, but recorded separately the newly emerged plants in unpro- 
tected areas. We also noted the presence of browsing injury for 
unprotected mamane. We made similar measurements at the 
Kaluamakani exclosure in 198 1. 

Mamane- 1972 Exelosures 
At Puu 0 Kauha and Hale Pohaku, we measured the height of 

all mamane seedlings within protected and unprotected study 
boundaries 2 months and again 3 years after fencing. Similar data 
for sprout reproduction were not collected, except in the Puu 0 
Kauha exclosure 2 months after fencing. 

One year after the exclosures were built, we randomly selected 
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and tagged 25 sprouts and 25 seedlings inside and outside the Puu 
0 Kauha and Wailuku exclosures. At Hale Pokahu where seed- 
lings were scarce, the seedling sample consisted of all the seedlings 
found within plot boundaries4 inside and 23 outside. Height and 
condition of these plants were determined at intervals for a 4-year 
period. 

We examined the effect of site on rate of height growth of 
protected seedlings and sprouts by using a procedure described by 
Draper and Smith (1966). The procedure consists of constructing a 
joint 95% confidence region for the slope and intercept of each site. 
Lack of any overlap of regions was evidence for differences in 
growth rate. This procedure was chosen because it accounted for 
differences in the initial range of seedling and sprout height. 

Other Species-1963 Exelosures 
Because the 1963 exclosures were originally built to demonstrate 

the effect of browsing on vegetation by visual impact, quantitative 
data were not collected before or immediately after their construc- 
tion. The early records consisted of sets of photographs taken in 
1965 and 1966, and estimated aerial cover for species found in 2 
permanent l-m2 quadrats inside and outside each exclosure. 

About 12 years after construction, plant cover and height inside 
and outside the exclosures were estimated by using the line inter- 
cept method (Mueller-Dombois and Ellenberg 1979). Five 30-m 
long transects were systematically established inside and outside 
each exclosure. Intercepts for projected live crown area were 
recorded by species to the nearest 1 cm. Intercepts for bare soil, 
rock, and litter-logs were recorded also. The height of each inter- 
cepted live plant was measured. A Bonferroni r-test was used to test 
the hypothesis that protected plants were not taller than unpro- 
tected ones at a given exclosure site. This procedure used the 
Bonferroni inequality to adjust the Type I error for multiple com- 
parisons (Miller 1966). The original l-m* quadrats were relocated 
and cover was estimated for all species present. 

Othar Spa&s-l972 Exelosures 
We collected cover data for species inside and outside the Puu 0 

Kauha and Hale Pohaku exclosures 2 months after fencing and 
again at about 3 years. The 2-month measurement was a 100% 
inventory inside. The exclosures were marked off in a U-by 3.4-m 
grid with odd-sized cells located along two edges. Outside the 
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exclosures, we used 36 randomly selected 3.4- by 3.4-m cells 
located within a comparable size area adjacent to, but separated 
from, the fenced area by a 15-m buffer strip. 

Vegetation was more abundant inside the exclosures 3 years 
after establishment, making a 100% inventory impractical. .A sub- 
sample of interior plots, therefore, was used. At Puu 0 Kauha, 20 
cells, and at Hale Pokaku, 25 cells were randomly selected. Border 
cells were excluded. Outside, 20 cells at Puu 0 Kauha and 25 cells 
at Hale Pohaku were randomly chosen from among the 36 
established initially. 

The basal area occupied by each plant was measured by using an 
air-list approach (Pearse 1935) for most herbaceous species. For 
Kentucky bluegrass (Pm pramsis), which spreads by rhizomes, 
we measured the ground area occupied by colonies instead of 
individuals. Because the canopy of aheahea (Chenopodium otrhu- 
ense)bushes hugged theground, preventingestablishmentofother 
plants, its basal area was defined by the outer boundary of the 
canopy at ground level. For rosette plants like turkey mullein 
(Verbascum rhopsus). basal area was considered to be the area 
described by the leaf tips of the basal rosette. A value of 0.005 cm2 
was assigned to small grass seedlings. The total basal area for a 
species within a single sample cell was simply the sum of the 
individual plant basal areas. We also recorded the presence of 
species not tallied in the sample cells, but found within the study 
boundaries. The Bonferroni t-test was used to compare change in 
basal area inside with change outside for preferred browse species 
(Giffin 1976) and other perennials. Species lacking basal area 
estimates inside and outside at both measurement times could not 
be used in this comparison. 

Results and Discussion 

Msmane-1963 Exclosures 
After I5 years, more mamane plants were growing inside the 

exclosures than outside. In 1979, 886 individual mamane plants 
were growing within the Puu Nanaha and 588 within the Puu Kale 
exclosure. Outside, the tallies were 24 mamane for Puu Nanaha 
and 93 for Puu Kole, excluding pre-exclosure trees. Of the mamane 
outside, 33% for Puu Nanaha and 71% for Puu Kale were recent 
cmcrgents and never browsed. 

Inside Puu Nanaha and Puu Kale, the mamanc height class 
distributions displayed the characteristic reverse-J shape of an 
actively reproducing stand (Fig. 2). Outside, only two disjunct 
classes were represented-less than 0.6 m and greater than 2.6 m 
tall. The small size class included new emergents and suppressed 
plants hidden among rock rubble. The large size class included 
only old pre-exclosure trees. 

At Kaluamakani, 785 individual mamane were growing inside, 
but only IO outside in 1981. All individuals outside were pre- 
exclosure trees. Of the mamane that had developed inside since 
fencing, 47% were seedlings <O. I m tall. All ofthese seedlings were 
found in leaf litter under pre-exclosure trees. The height class 
distributions were similar to those at Puu Nanaha and Puu Kale. 

In l965,2 years after the exclosure at Puu Kale was built, the old 
mamane trees outside were alive and healthy (Fig. 3A). But by 
1979, many individuals had died and others were in the process of 
dying (Fig. 38). The old mamane inside had not died, but instead, 
appeared vigorous. The browse line inside was gone by 1979, but 
that oustide was still present. 

Mamane- Exclosures 
Within 2 months of fence construction, mamane seedlings were 

already more numerous inside the Puu 0 Kauha exclosurc than 
outside45: 1. The differences in number of seedlings at Hale 
Pokaku was less striking-3:l. 

The difference in number of mamane seedlings found inside and 
outside the exclosures was probably not due to differences in seed 
abundance or viability. At Puu 0 Kauha I.6 seeds/m’ were found 
inside and 2.7 seeds/m’ were found outside. At Hale Pokaku, 0.5 
seeds/m’ were found inside and 2.9 seeds/m’ were found outside. 
The differences were not statistically significant (Wilcoxon 2- 
sample test, pX.05). Too few seeds were recovered at these 2 sites 
to evaluate differences in seed viability, but limited data from 
Wailuku indicated no differences. About 67% of the buried seeds at 



Puu 0 Kauha and 33% at Hale Pokaku were viable. 
The average height of seedlings inside 2 exclosures and in adja- 

cent unfenced areas of comparable size were about the same-all 
were less than 13 cm tall. At Puu 0 Kauha, the seedling height 
inside averaged 6.6 cm, outside, 7.6 cm; at Hale Pokaku, inside, 
height averaged 5.1 cm, outside, 2.5 cm. Protected and unprotected 
seedlings were unbrowsed. These findings indicated that all seed- 
ling were about the same age. 

The seedlings at Puu 0 Kauha were tallied again in 1976. Inside, 
41 seedlings were found, the same ones that were there initially. 
Outside, only 3 seedlings, all new emergents, were found. The 
seedlings averaged 52.6 cm tall inside, and 4.6 cm tall outside. The 
difference in height was statistically significant (2 sample z-test, 
p10.05). 
exclosure 2 months after fencing. About 700 individual sprouts 
were tallied, averaging 18 cm tall (fl 1 cm). More than 70% of the 
sprouts grew beneath a single old tree. In 1979, these sprouts 
ranged from 1.9 to 2.1 m tall. The other sprouts emerged from the 
roots of 3 other remnant mamane trees. 

Two years after the seedlings were tagged in 1973, their survival 
inside the exclosures ranged from 42 to lOO%, and sprout survival 
inside ranged from 84 to 100% (Fig. 4). None of the seedlings 
tagged outside the Puu 0 Kauha and Wailuku survived. About 
92% survived outside the Hale Pokaku. Of the sprouts outside, 
survival ranged from 8 to 100%; the latter was recorded at Hale 
Pokaku where seedling survival outside was also high. 

Differences in survival of tagged mamane seedlings and sprouts 
inside vs. outside exclosures were related to the relative browsing 
pressure at each site with the differences in survival (inside rate 
minus outside rate) increasing as browsing pressure increased (Fig. 
4). As expected, the differences were larger for seedlings than for 
sprouts. Sprouts are supported by established root systems, where- 
as seedlings are developing theirs. Consequently, browsing is more 
likely to destroy a seedling. 

The effect of browsing on mamane regeneration is illustrated 
further by differences in height growth inside and outside exclo- 
sures. Surviving sprouts at Puu 0 Kauha and Wailuku grew signif- 
icantly more (2 sample f-test,plO.OS) inside than outside. Height 
growth inside averaged 16.1 cm (f8.3) at Puu 0 Kauha and 8.2 cm 
(f6.5 cm) at Wailuku. Outside, mean growth was 1.5 cm (*l. 1 cm) 
at Puu 0 Kauha and -0.9 cm (f2.0 cm) at Wailuku. Browsing by 

120- 

100- 

2 
; 80- 

3 
p 80- 

I- 

5 
d 

40- 

Seedlings 

_...*... ---* . . . . . . “....-Q 
__..a . . . . -..- 

. .._ . . . . . . ----- 
.*.....’ Wailuku 

l . * . . . . . 

l-74 5-75 l-78 1 l-77 

100 A 

60 

40 

0 ‘I 1 I 
Least -Greatest Least -Greatest 

RELATIVE BROWSING PRESSURE 

20 

Seedlings 

site Legend 

A Hale Pohaku 

B Watt&u 

C Puu 0 Kauha 

Fig. 4. Percent survival of tagged mamane seedlings andsprouts inside (0) 
and outside p) i%e Puu 0 Kauha. Hale Pokaku. and Wailuku exclo- 
sures 2 years after their construction. Exclosure sites are ranked along a 
relative browsing pressure gradient. 

feral sheep at Puu 0 Kauha, and by both feral and Mouflon sheep 
at Wailuku, was responsible for the reduced growth of unprotected 
sprouts. Similar comparisons for seedlings at these sites were not 
possible because none of the unprotected ones survived. 

The growth of surviving seedlings and sprouts inside Hale 
Pohaku was greater than outside, but the differences was not 
significant. Seedling growth was 8.9 cm (f8.4 cm) inside and 2.4 
cm (f3.1 cm) outside. Sprout growth was 6.7 cm (f10.8 cm) inside 
and 6.0 cm (f5.0 cm) outside. 

Potential rates of height growth of mamane reproduction at the 
3 sites in the absence of browsing were indicated by data for tagged 
plants inside the exclosures (Fig. 5). Puu 0 Kauha was the most 
favorable site for growth of both seedlings and sprouts. Wailuku 
was the least favorable site for seedling growth. Sprout growth was 
not significantly different @X.05) at the Wailuku and Hale 
Pohaku sites. 

The change in estimated basal area of mamane observed inside 
the Puu 0 Kauha exclosure (Table 2) needs to be explained, lest the 
reader conclude that protection does not enhance mamane growth. 
The loss of mamane basal area inside resulted from the death of 4 

sprouts 

,174 5-;5 I:78 1 IA77 

DATE OF MEASUREMENT 

(month-year) 
Fig. 5. Height growth of tagged mamane seedling and sprouts insi& sheep exclosures built in 1972. 
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Table 2. Percent eerieI pleat cover end werqe llvc plent betgbt beeed on line intercept meesunments, by @ hlde end outeide three sheep 
alta. ercloeura 12 ye8ra efter their conetructlon. 

Species 

Percent aerial cover Average plant height (cm)/# of plants examined 
Puu Nanaha Puu Kole Kaluamakani Puu Nanaha Puu Kole Kaluamakani 

Inside Outside Inside Outside Inside Outside Inside Outside’ Inside Outside Inside Outside 

Grasses 
--1Agrosris sandwicense (E)* 

Anthoxanthum odoratum 
&omus rigidus 

-Danthonia pilosa 
Deschampsia australis (E) 

-Holcus lanatus 
- Poa pratensis 
-lWetum giomeratum (E) 
Sedges and rushes 

Carex macloviana (E) 
Luzub hawaiknsis (E) 

Ferns 
Aspknium spp. 
Pellaea temifolia 
Pteridium aquilinum 

Herbs and forbs 
Centaur&m umbelbztum 
Cirsium vulgare 
Crepis pukhra 

-Epilobium cinereum 
-Iiypochoeris radicata 

Medicago Iupulina 
Rumex acetosella 
Senecio syivaticus 
Sokmum nignun 

-Sonchus okraceus 
Stenogyne sp 
Taraxacum offinak 
Verbascum rhapsus 

Shrubs 
Styphelta tameiameiae (E) 

Trees 
-Sophora chrysophylla (E) 
Nonplant 

Bare soil 
Rock 
Litter and logs 

Totals 
Live plants 

-_3 

2.2 
# 
+ 
- 
6.8 
0.5 
1.4 

c 0.2 
0.3 

0.1 
0.1 
+ 

- - 
1.3 4.1 
+ - 
+ 8.7 
- - 
1.7 + 
3.6 + 
- 3.9 

- 
0.3 
- 
4.2 
- 

i.2 
- 

0.3 
- 
- 
- 
0.9 
+ 
- 
- 

0.1 0.6 - - 
+ + + - 

0.1 
+ 
+ 

+ 

6, 

+ 

6, 

+ 
+ 
+ 

+ 
+ 
- 

i.2’ 
0:9 
3.3 
+ 
- 
+ 
- 
+ 
- 

+ 
+ 
- 
0.3 
3.1 
0.2 
1.8 
+ 
- 
+ 
- 
+ 
- 

- 
+ 

i.1 
0.3 
- 
3.4 
- 
- 
- 
+ 
- 
0.3 

- - 
+ + 
- - 
- + 
+ + 
- - 
0.8 - 
- + 
- + 
- + 
- - 
- + 
1.6 - 

0.6 0.1 + + - 

6.2 3.2 25.1 + 20.6 

12.5 
55.4 
7.0 

31.3 

26.5 67.4 84.2 84.0 
57.2 2.4 7.1 4.6 
4.0 8.6 1.5 10.2 

15.5 46.6 7.2 21.8 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 

+ 
+ 
+ 

- 
+ 
- 
- 
+ 
- 
- 
+ 
+ 
+ 
- 
+ 
- 

- 

+ 

95.7 
4.3 
0.0 

0.0 

Bare soil, rock litter 74.9 87.7 78.4 92.8 96.9 100.0 

- - 
43125 24125 

+ + 
+ + 

27/75 I;30 
25/l 2110 
47111 - 

12/l 7/I 
2413 + 

17/l 2/l 
1812 + 
+ + 

+ + 
+ + 
- - 
814 II4 

12169 3155 
2110 l/l 

11135 7136 
+ + 
- - 
+ + 
- - 
+ + 
- - 

2913 5/l 

102/11 700/l 

21.8 
(19.3)s (1:; 

2720 

17/59 
- 
+ 

6;/ 19 

23/l 
+ 

27/4 
- 

13137 
- 

IT,2 
- 

2512 
- 
- 
- 
4212 
+ 
- 
- 

- 
- 

+ 

3;/* 

- 
- 

+ 

1:/l 

- 
+ 
- 
- 
+ 

9/17 
- 
- 
- 
- 

13/12 

+ 

+ 
+ 
+ 

- 
+ 
+ 
l/2 

13/l 

17/29 
- 
- 
- 
+ 

68/l 

+ 

- 
+ 
- 
+ 
+ 
- 
- 
+ 
+ 
+ 
- 
+ 
- 

235114 + 

- 

26817 

23.8 12.6 33.2 
(19.6) (8.0) (9.9) 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 

+ 
+ 
+ 

- 
+ 
- 
- 
+ 
- 
- 
+ 
+ 
+ 
- 
+ 
- 

- 

+ 

(5 
I- = preferred browse species 
IE q  endemic species 
3- = species not found within the study boundaries 
4 + = species prcscnt within study boundaries, but not encountered along the line transects 
%andard deviations are shown in parentheses for average heights of aU plants taken together, excluding mamane 

of the 5 seedlings in the 1972 sample. The 4 were the only seedlings 
that died in the exclosure and, therefore, our data greatly overesti- 
mates loss of basal area. Also, because the 41 surviving seedlings 
were growing vigorously, as were the sprouts, we suspect that 
actual mamane basal area increased. But basal area was measured 
only within sample quadrats. 

Other Bpecka-1963 Exclosures 
Before the 1963 exclosures were fenced, species composition and 

cover of protected and unprotected areas at each site were similar 
(Pers. comm., R. Walker). Recovery inside the exclosures were 
already evident by 1965. For example, mamane seedlings and 
sprouts, Deschampsia australis, Conyza sp., bracken fern (Pteri- 
dium aquilinum), spear thistle (Cirsium vulgare), dandelion (Tara- 
xacum offinale), and sheep sorrel (Rumexacetosella), were grow- 
ing well inside the Kaluamakani exclosure, but outside the area 
was denuded except for large mamane trees. Even mamane sprouts 
were lacking outside, a condition that persisted through 1980. 

narrative account that vegetation recovery had begun inside the 
exclosures. Probably, the lack of evidence of recovery was because 
the sample was too small-only 2 quadrats inside and 2 outside. By 
using the same quadrats, however, we found that recovery was 
evident in 1979, 16 years after fencing. Cover inside the Puu 
Nanaha exclosure increased 17.5%; cover outside did not change. 
Inside Puu Kole, quadrat cover increased 44scompared with only 
5% outside. The increases inside at both sites were largely because 
of the growth of mamane seedlings and not because of the estab- 
lishment of herbaceous species. 

The limited cover data for the l-mzquadrats did not bear out the 

Results of the 1Zyear measurements indicated that total crown 
cover inside was greater than outside the exclosures (Table 2). 
Plants other than mamane accounted for 81% of the differences in 
cpver between inside and outside at Puu Nanaha, 36% at Puu Kole, 
and 6% at Kaluamakani. Although the differences were not large, 
cover of preferred browse species-and most others as well-were 
greater inside than outside. Heu-pueo (TKsetum glomeratum)and 
Hawaiian bent (Agrostis sandwicense), both endemic grasses, 
appeared particularly vulnerable to grazing because they were only 
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Table 3. Avenge basal area cover (cm*/ba)(f rtaoderd error) by speden hide and outaide two sheep ercloeum 2 montlwfter conrtruction and 3 years 
later. 

Saecies 1972 

Puu 0 Kauha Hale Pohaku 

Inside Outside Inside Outside 
1975 1972 1975 1972 1975 1972 1975 

Grasses 
Agrosris ovenoceo 

--IAgrosris 
sondwicense (E)2 

-Bornus rigidus 
LIactylis glomeroro 

--Danrhonia piloso 
Deschompsio ousrrolis 

W 
Festuca megalura 

-Holcus 1onatu.t 
Hordeum kporinum 

- Poo prarensis 
Sripa cernuo 

- Wseelum 
glomerorum (E) 

Sedges and rushes 
Corex mocloviono 

Ferns 
Asplenium odionrum- 

nigrum 
Asplenium 

rrichomones 
Pelkeo ternifolio (E) 

Herbs and forbs 
Achilko millefolium 
Argemone glauco (E) 
Cirsium v&gore 
cony20 sp 

-@ilobium cemua 
&odium cicutorium 
Gnophalium 

purpureum (E) 
Gnopholium 

sandwicensium (E) 
Hererorheco 

grondiforo 
- Hypochoerk radicara 
Medicago lupulino 
Polycorpon tetro- 

phyllum 
Rumex ocelosella 
Senecio sylvoricus 

-Sonchus oleroceus 
Taroxocum oficinole 
Urlico urens 
Verbascum Ihapsus 
Veronica pkbio 

Shrubs 
-Chenopodium 

oahuense (E) 
Dodoneasp(E) 

Trees 
-Sophoro 

chrysophyllo (E) 

7983(3565) 
122(78) 

241(230) 
- 
- 
- 

+ 
- 
+ 
+ 

3;28) 

1733(1628) 

+ 

+ 

1890(1772) 

328(302) 
61(37) 

- 

30(28) 
8791(1376) 

W28) 

W28) 

+ 
+ 
+ 

13821(4709) 
3q28) 

1615(1353) 

62;454) 
- 

295(229) 

61(58) 

Total basal area cover 38 163(6699) 

Native spp. except 
S. chrysopylla 

Exotic spp. 

Number of species 
Total 
Common to inside 

I328q2800) 

24437(608 I) 

29 
I5 

88467(32340) 
1238(943) 

1165(1089) 
+ 

- 
- 

2wO) 
+ 

8(5) 
307(213) 

7872(7687) 
85783(35595) 

47633(45374) 

- 

+ 

+ 

- 
l 

- 
+ 

2&47) 
22(9) 

10949(4890) 

2950(2222) 

- 
- 
- 

- 

l&5(848) 
23(15) 

l~7(100) 
+ 

4004279 
(3126191) 

+ 

34(28) 

1142(620) 101824(28194) 
-J W16) 

- l s 
- - 
- - 
- - 

+ 1 l(6) 
- - 
- - 
- 54350(47932) 
- 
- 

- 

+ 

+ 

698(652) 

- 

44(41) 
- 
- 

5+w(197) 

+ 

- 

+ 
- 
- 

969(332) 
66(63) 

616(441) 

G9(247) 
- 

- 

- 

5(5) 

- 
* 

. 

- 

- 

+ 

394(367) 

- 
- 

l;9(776) 
- 

548(385) 
75(43) 

66(63) 

l 

44(41) 
- 
- 

10(7) 

E&4) 
l 

a(6) 
+ 

- 

- 

3(3) 

4252482(3126905) 4389(1105) 158481(55617) 

4149904(3126727) 1288(681) SSl(375) 

102544(33345) 3096(869) 157927(55616) 

29 IS 22 
20 IS 20 

- - 
# - 

1621(460) l(1) 
- - 

llOl65(59968) 173lq8494) 
+ + 

- - 
- - 
- - 

50&45 14) 13&(1254) 
- - 

- - 

- - 

8852(3051) 5077(2158) 

17388(5488) 2436(754) 

- + 
- - 

445(401) 
2JX26) l&52) 

29 l3(2529) 
1528(993) l5k75) 
390(237) - 

984(704) 656(273) 

- 10(7) 

57(34) 1296(494) 
- 
- 652) 

- 563(530) 
+ - 

- 
- T(6) 

&25) - 71543(29190) 
- 

- - 

- - 

211478(188975) 7631(6653) 

360885 108256 
(198433) (31239) 

18762(5538) 3092(802) 

- - 
- - 

165(99) l 

- - 
2897x15529) 29991(19488) 

- + 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- - 

- 

3895(2056) 

4932( 1347) 

- 

2&09) 

S&99) 
522(311) 
- 

+ 

3895(2056) 

4932( 1347) 

- 
- 

2;1, 
2(l) 

123(117) 
- 

- 

- 

- 
- 
- 

&29) 
- 
- 
- 
- 
- 

2(l) 

+ 

17q89) 

252(155) 

151(138) 
- 
- 
- 

22950(12316) 
- 

- - 

- 

12393(8556) 

- 

6134(5600) 

51639(17906) 68594(23852) 

4932(1347) 4932(1347) 

57528(23 146) 130645(60279) 97533(30512) 34314(15672) 

I7 18 9 
9 I5 9 

17 
I5 

I- = preferred browse species 
‘E = endemic species 
I- = species not found within the study boundaries 

1+ = species present within study boundaries, but not tallied in the sample quadrats 
I* = basal area <I cm*/ha 
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found inside the exclosures. At Kaluamabani, Deschamp- 
sia, another endemic grass, was also completely suppressed 
outside. 

The relatively slight difference in mamane over inside and out- 
side the Puu Nanaha exclosure is misleading. The outside value 
(3.2%) represented only one large-crowned tree. Cover inside 
(6.2%) was based on 11 intercepted mamane that became estab- 
lished after the exclosure was built. A more intensive sample may 
have resulted in a much larger difference. 

The proportion of bare ground and rock was lower inside than 
outside exclosures but the reverse was true for the total of litter and 
log percentages. Even inside, however, bare ground and rock made 
up a high proportion of the area-68 to 89% (Table 2). 

Plants inside the Puu Nanaha and Puu Kole exclosures were 
taller than those outside (Table 2). Statistical tests of differences 
were possible only for five species: Hairy oatgrass (Danfhonia 
pilosa), velvet grass (Ho&s kanatus), gosmore (Hypochoeris 
radicara), sweet vernal (Anthoxanthum odoratum), and sheep 
sorrel, the first 3 of which are preferred browse species. Each was 
significantly taller @ro.OS) inside than outside the exclosures. The 
mean height of all plants excluding mamane was significantly 
greater inside than outside the Puu Nanaha and Puu Kole ’ 
exclosures. Similar tests for Kaluamakani were not needed because 
so few plants grew outside. 

Other Species-1972 Eselosures 
More species were represented inside the Puu 0 Kauha and Hale 

Pokaku exclosures than outside (Table 3). The differences were 
less pronounced 3 years after fencing. At Hale Pokaku, the 3rd- 
year difference was small, possibly because of low browsing pres- 
sure outside. 

At Puu 0 Kauha, 15 species were common to both protected and 
unprotected areas in 1972. Three years later, 20 species were com- 
mon to both. At Hale Pohaku, 9 were common in 1972 and I5 in 
1975. The species common to fenced and exposed areas accounted 
for more than 90% of the cover in 1972 at both sites. By 1975, the 
common species made up less than 5% of the cover inside Puu 0 
Kauha, but more than 98% outside. This difference was because of 
large aheahea bushes inside-they accounted for 94% of the 
cover-but not outside. At Hale Pokaku, common species account- 
ed for more than 95% of the cover inside and outside in 1975. These 
data indicate that species composition is not greatly different, 
except for some native species like aheahea, heu-pueo, and 
Hawaiian bent, which are completely suppressed by heavy browsing. 

Total basal area cover was small (<0.4%) at both sites even 3 
years after fencing (Table 3), but fenced areas always had more 
cover than unprotected ones. Total cover increased with time both 
inside and outside the Puu 0 Kauha exclosure. The increase inside 
(1 l,OOO%) was primarily because of growth of aheahea bushes that 
were not found outside. Outside cover increased 350%, possibly 
because of lower sheep use occasioned by our visits to the site. 

At Hale Pokaku, total basal area cover decreased over time 
inside and outside. The losses may not be real, however, because of 
differences in the very mamane, which accounted for a large pro- 
portion of the total cover in 1972, was measured. Diameters of 
clumps were measured the first time and diameters of the individ- 
ual stems making up the clumps were recorded the second. A great 
deal of bare ground was thus tallied as mamane basal area the first 
time, yielding an inflated basal area estimate. The lack of mamane 
mortality at Hale Pokaku also indicated that loss of mamane cover 
and, therefore, a decrease in total cover, may be an artifact of 
measurement techniques. Excluding mamane, total basal area 
decreased only slightly inside and increased slightly outside. None 
of these changes in total plant cover with time inside was signifi- 
cantly different from those outside (Bonferroni t-test,@.05). The 
same was true at Puu 0 Kauha. 

The effect of protection on recovery of native species other than 
mamane was different at the two exclosure sites (Table 3). At Puu 
0 Kauha immediately after fencing, native species comprised 
about 35% of the estimated plant basal area inside and 29% out- 

side. Three years later, native species accounted for 98% of the 
basal area inside (mostly because of aheahea), but less than 1% 
outside. At Hale Pokaku, native species other than mamane com- 
prised 13% of the basal area both inside and outside the exclosure 
just after fencing. But in contrast to Putt 0 Kauha, 3 years later, the 
proportion of native plants inside dropped to 3%. The proportion 
of native plants outside also dropped, but only to 8%. We expect 
this differential response will show-up elsewhere around the 
mountain. 

Data were sufficient on only 4 preferred browse species at Puu 0 
Kauha to statistically compare changes inside against changes 
outside: Hawaiian bent, heu-pueo, aheahea, and mamane, all 
endemic plants. Cover for both heu-pueo and aheahea increased 
significantly (p10.05) more inside than outside. The absence of 
aheahea outside indicated that sheep completely suppressed it, at 
least in this tree-line zone. Aheahea and heu-pueo should be consi- 
dered sensitive indicators of vegetation recovery. For mamane and 
Hawaiian bent, the change inside was not significantly different 
from that outside. 

At Hale Pokaku, cover estimates were complete for only 2 
preferred browse species: hairy oatgrass and gosmore. Statistical 
comparisons of change in cover inside vs. outside showed that 
gosmore increased significantly more inside than outside 0.05). 
A similar comparison for hairy oatgrass revealed no significant 
difference. 

Conclusion 
Results indicate that feral sheep browsing suppresses regenera- 

tion of mamane. Three other endemic species, Hawaiian bent, 
heu-pueo, and aheahea, are also suppressed. Other preferred 
browse species were either not significantly affected by browsing or 
the data for them were inadequate to evaluate. 

Now that feral sheep and goats have been eradicated, we expect 
recovery of mamane to be rapid in most tree-line areas. Because 
mamane seeds remain viable in the soil for years, even barren areas 
supporting only skeletal remains may once again give rise to 
mamane regeneration. Site conditions on some areas like that 
represented by Kaluamakani will prevent rapid plant regrowth. 
Forest decline in general, however, will be checked, thereby remov- 
ing one of the threats to Palila and other endemic flora and fauna. 

Another threat may interfere with the ultimate recovery of the 
mamane forest-Mouflon sheep and feral-Moutlon hybrids. These 
animals are being retained as a game species on Mauna Kea. Their 
food preferences are similar to those of feral sheep, with mamane 
being one of the most important items in their diet (Giftin 1981). 
The 2 species are also alike in their herding, behavior, and habitat 
use patterns. The Mouflon population density has increased to a 
point where mamane reproduction is being severely suppressed, 
especially in the area of tree-line. This problem can only be 
alleviated by drastically reducing herd size. The number of 
Mouflon that can be managed without habitat damage has yet to 
be determined. 

Our data support the observation that profound changes can 
occur following introduction of grazing and browsing animals 
(Spurr and Barnes 1980). Island ecosystems are especially suscept- 
ible to damage (i.e., Coblentz 1978), because the animals often find 
themselves in a favorable habitat rich in plants lacking defensive 
mechanisms and without natural enemies (Mueller- 
Dombois 198 1). Introduced grazing and browsing animals can also 
damage continental ecosystems (Wodzicki 1950). Endemic fauna 
ultimately suffer. Preventing the introduction of exotic animals 
and reducing or eliminating established populations are steps 
managers must take to maintain or restore the integrity of native 
ecosystems. 
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Shrub Research Consortium 
Formed 

The Forest Service’s Intermountain Forest and Range Experi- 
ment Station, the Utah Division of Wildlife Resources, Brigham 
Young University, and Utah State University announce the forma- 
tion of a Shrub Research Consortium. Formed to promote, sup- 
port, and coordinate programs of research and associated graduate 
education, the Consortium will be located at the Shrub Sciences 
Laboratory, 735 North 500 East, Provo, Utah 84601. Activities will 
relate to: (1) improvement and development of shrub plant mate- 
rials; (2) methods of seeding, planting, culture, and management of 
shrubs in natural settings; and (3) assisting where feasible with 
publishing and disseminating research results. 

Specific goals of the Consortium are: 
1. Develop a program consisting of statements of research needs 

and priorities and current studies aimed at meeting those needs. 
The Consortium may determine and set objectives, priorities, and 
guidlines for studies, based on interpretation of need, available 
funds, capabilities of institutions and personnel, and other work 
under way within or outside the Consortium. Principal areas of 
shrub research will include, but will not be limited to: ecology, 
genetics, pathology, entomology, soils, hydrology, wildlife habitat, 
and livestock grazing. 

2. Encourage proposals to conduct research from both member 
and nonmember institutions desiring to participate and capable of 
contributing appropriately to solving problems selected for study. 

3. Arrange for printing and distribution of publications and 
reports. 

4. Sponsor seminars, conferences, symposia, and other meet- 
ings to coordinate research on wildland shrubs and to disseminate 
research results. 

Applications for membership from organizations involved in 
wildland shrub research are encouraged. Dr. Arthur R. Tiede- 
mann, Chairman SRC, Shrub Sciences Laboratory, Intermoun- 
tain Forest and Range Experiment Station, 735 N. 500 E., Provo, 
Utah 84601. 
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Seed Germination Characteristics of Kochia 
scoparia 
J.H. EVERITT, M.A. ALANIZ, AND J.B. LEE 

AbStl-Mt 

Kochir (Kochis scoparia) seed 8ermiaation was invest@ted in 
relation to various regimes oltemperatures and ll8ltt, salinity, pH, 
and osmotic potential. Germination was hillbest at cool to moder- 
ate temperatures. Percentqe 8ermination was 188% at contlnu- 
ous temperatures of S to 25 O C and at alternating temperatures of 
!l-lS, lO-2O,lS-25, and 20-30“ C. Percentqe 8ermination wssnot 
hillher at alternatin8 than wltb constant tempcraturea. Li8ht was 
not required for germination. Germination was not affected by 6 
salts (NaCl, C&L, M8Ci2, KCL, hh2SO4, and M8SO4) at conduc- 
tances up to 20 mmhos. Increasin8 conductancea of N&I and 
CaClr solutions from 25 to 40 mmhos by S mmho increments 
progessively reduced germination. Germination wes 140% in the 
40 mmbos conductance of both salts. Kocbia seed gemdnatlon was 
highly tolerant of extremes of pH and was not reduced by simu- 
lated moisture stress until osmotic potential reached -8 bars. Seed- 
ling emergence for kochia seeds left exposed on the soil surface was 
si8rdficantly hi8her than those buried with soil. 

Kochia (Kochia scoparia), also known as railroad weed, iron- 
weed, burning bush, fireweed, and belvedere, is an annual plant 
that is native to Eurasia. It was introduced to the United States as 
an ornamental in the early 1900’s (Durham and Durham 1979), 
and has become naturalized in the central and western United 
States. Kochia has very leafy, erect, or ascending branches ranging 
from 3 to 15 dm tall (Correll and Johnston 1970). It produces small 
flower clusters in the axils of the leaflike but reduced bracts. The 
small seeds average about 1 .O mm in diameter. 

Kochia is a highly palatable, nutritious, and productive forage 
species. Several cattle diet studies have reported high use and 
preference of kochia (Reck 1975, McClung et al. 1976, Vavra et al. 
1977). Its protein content and digestibility are comparable with 
that of alfalfa (Bell et al. 1952, Sherrod 1971, Sherrod 1973). 
Sherrod (1971) reported that under dryland conditions in the 
Texas Panhandle, kochia had a dry matter yield of 11,327 k8/ ha 
from a single cutting in mid-July. Preliminary studies conducted in 
New Mexico indicated that an irrigated and fertilized stand of 
kochia cut 4 times during the growing season had a total dry matter 
yield of nearly 26,000 kg/ ha (Foster 1980). Despite kochia’s attri- 
butes, Sperry et al. (1964) reported that its high oxalate content 
was possibly poisonous to livestock. However, Durham and Dur- 
ham (1979) found no cattle poisoning by kochia in a continuous 
5-year study. 

Little information is available concerning kochia’s reproductive 
potential. Lodhi (1979) investigated the autotoxic properties of 
kochia’s phytotoxins on its germination and seedling gowth. Our 
objective was to investigate effects of simulated environmental 
factors on germination characteristics of kochia seeds. 
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Materials and Methods 

Our fully developed, undamaged kochia seeds from a commer- 
cial source were used for germination experiments. Seeds were 
harvested from mature kochia plants during the fall of 1979. Most 
germination experiments were conducted when the seeds were less 
than 1 year old. Seeds were stored at room temperatures (20 to 
27OC) in cloth bags throughout the study period. 

All germination experiments were conducted in small growth 
chambers with automatic temperature and fluorescent light con- 
trols. Unless otherwise stated or if temperature was varied, exper- 
iments were conducted at a constant temperature of 1YC with an 
8-hr light period. An experimental unit was 100 seeds in a 9-cm 
petri dish containing 2 filter papers wetted with 10 ml of distilled 
water or other test solution. Experiments were conducted with a 
randomized complete block design unless otherwise stated. Treat- 
ments were replicated from 4 to 10 times; each experiment was 
conducted at least twice. Data were pooled prior to statistical 
analyses. Seeds were considered to be germinated when radicles 
visibly protruded through the seed coat. The number of germi- 
nated seeds was recorded 10 days after initiation of each experiment. 

Seeds were germinated under continuous temperatures in 5OC 
increments from 5 to 40°C (with an &hr light period), and alternat- 
ing regimes of 5-15,10-20,15-25, and 20-3O’C (16hr low temper- 
ature, 8-hr high temperature with light). The petri dishes were 
randomized at each temperature regime. Light requirement was 
investigated by comparing germination in petri dishes covered with 
aluminum foil with germination in uncovered dishes. Germination 
tolerance to salinity was evaluated in aqueous solutions of six salts 
(NaCl, CaCls, MgCls, NaBO, and MgSO4) at conductances of 0,4, 
6, 8, 12, 16, and 20 mmhos. Also, salt effects on germination “0” 
were evaluated with aqueous solutions of NaCl and CaCls at 
conductances of 16,20,25,30,35, and 40 mmhos. The influence of 
substrate pH on germination was investigated by adding HCl and 
KOH to distilled water to give pH values of 2,3,4,5,6,7,8,9, 11, 
and 12 (Mayeux and Scifres 1978). 

The effect of moisture stress on seed germination was evaluated 
by adding polyethylene glycol (PEG-6000) to distilled water for the 
substrata-PEG-6000 concentrations required to give osmotic 
potentials over a wide range of temperatures are given by Michel 
and Kaufman (1973). We prepared solutions ranging from 0 to -16 
bars at 15OC. 

The influence of soil coverage on emergence of kochia was 
studied in the greenhouse. One hundred seeds were planted in small 
pots (13 cm diameter X 13 cm height). The potting mixture was 3 
parts sandy loam: 1 part sand to prevent crusting. Seeds were 
placed on the soil surface and at a depth of 3 mm. Since kochia 
seeds are very small, they were planted at a shallow depth. Each 
treatment was replicated 10 times and the experiment was con- 
ducted twice. Seedling emergence was recorded at the end of 21 
days. 

Percenta e germination and emergence data were transformed 
(Arcsin 3 %) before statistical analyses. Data were analyzed by 
analysis of variance or Student’s r-test. Means were compared with 
Duncan’s multiple range test (Steel and Torrie 1960). Student’s 
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r-test was used to compare surface vs. buried and light vs. no light Table 3. Percentage germination of kocbh eeede after a U-day espouue 
while Duncan’s test was used for multiple treatment mean compar- to eodium chloride end calclcium chloride eohtio~~ with conductanca 
isons. All interpretations were made at the 0.05 probability level. ranging from 16 to 40 mmhoe.~ 

Results and Discussion 

Temperature and Light 
Germination of kochia seeds was > 88% at constant tempera- 

tures of 5 to 2Y C and at alternating temperatures of S- 15,10-20, 
1 S-25, and 20-30’ C (Table 1). The highest germination occurred 
at constant temperatures of 10 and 1Y C. Germination was signifi- 
cantly lower at 30°C than at 25°C and was decreased to 30% at 
35OC. Only 11% of the seed germinated at 40°C. Evidently, high 
constant temperatures inhibit kochia seed germination. Our find- 
ings support those of Durham and Durham (1979), who reported 
that under field conditions kochia seeds start germinating in.Feb- 
ruary in the Texas Panhandle. Mean daily temperatures in Febru- 
ary for the Texas Panhandle range from 5 to 7’C (National Ocean- 
ic and Atmospheric Administration 1974). 

Conductance2 * % Germination 
(mmhos/cm) NaCl CaCls 

16 91 a 90a 
20 89a 90a 
25 76b 82 b 
30 66C 12 c 
35 48d 51 d 
40 45d 40e 

‘Means within a column followed by the same letter do not differ sipificantly al the 
95% probability level. 
2Conductance can bc converted to ppm by 640 X mmhos. 

Table 1. Perecntage germination of koehIa aeeda after a lo-day exposure 
to 12 coMt8nt end altenuung temperature regime&l 

Temperature Germination 
(Cl (%I 

Constant 5 92 ab 
Alternate 5-15 92 ab 
Constant 10 94a 
Alternate 10-20 93 ab 
Constant I5 94a 
Alternate 15-25 9Obc 
Constant 20 92 ab 
Alternate 20-30 89 c 
Constant 25 88 c 
Constant 30 14d 
Constant 35 30e 
Constant 40 llf 

‘Means within a column followed by the same letter do not differ si@ficantly at 
the (95%) probability level. 

was significantly lower at 25 than at 20 mmhos. Increasing conduc- 
tance by 5 mmho increments from 25 to 40 mmhos progressively 
reduced germination. Nevertheless, 45 and 40% germination 
occurred with NaCl and CaCls solutions, respectively, when their 
conductance was 40 mmhos, suggesting that kochia can be estab- 
lished on soils with a wide range in salinity. Our findings are in 
close agreement with those of Francois (1976), who reported that 
Kochia prostruro was also highly salt tolerant. 

Hydrogen Ion, Moisture Stress, and Planting Depth 
Kochia seed germination was only slightly reduced at pH 2 and 

12 as compared with germination at intermediate hydrogen ion 
concentrations (Fig. 1). Apparently, kochia seed can germinate 
under either extreme acid or alkaline conditions. 

The percentage of kochia seeds that germinated in darkness 
(9%) did not differ significantly from that of seeds exposed to 
daily 8-hr periods of light (92%). Apparently light is not required 
for germination. 

salinity Eflects 
Salinity had no effect on kochia seed germination at concentra- 

tions that gave a conductance up to 20 mmhos for any of the 6 salts 
(Table 2). NazSO4 inhibited germination numerically but not sig- 
nificantly at a concentration that gave a conductance of 20 mmhos. 
Since either Na or Ca is usually the dominant cation in saline soils 
(Ryan et al. 1975), we further tested kochi,a seed germination in 
NaCl and CaCl2 substrates with their conductances ranging from 
16 to 40 mmhos. These salts had similar effects on germination as 
their concentrations were increased (Table 3). Their germination 

2 3 4 5 -6 7 3 9 II 13 

HYDROGEN ION CONCENTRATION (PHI 

Fig. 1. Percentage germination of kochia seed after M-days’exposure in 
aqueous solurions of various PH. Plateaus designared wirh the same 
letter are nof signifieonrly diffirenr aI rhe 9S%probabiliry level, accord- 
ing lo Duncan’s multiple range test. 

Table 2. 
salt& 

Percentage germination of kocbh eeede after e l@-dey erpoeure to vuioue nit eolutionr with cooductanca up to U mmhoe for ueb of6diffrmt 

Conductance* % Germination 
(mmhos/cm) 

0 

NaCl 

90a 

GlClz 

90a 

MgClz 

90a 

KC1 

94a 

NasSO4 

97 a 
MgSO4 

95 a 
4 Wa 
6 89 a 
8 92a 

12 90a 
16 92a 

91 a 
9Oa 
89 a 
92 a 
92 a 

89 a 
89 a 
89 a 
91 a 
94a 

92 a 91 a 94 a 
93 a 93 ab 95 a 
95 a 89 bc 88 a 
93 a 92 ab 85 a 
92 a 95 ab 92 a 

20 86a 89 a 92 a 88 a 

1Meaas within a column followed by the same letter do not differ aigniticantly at the 95% probability Icvcl. 
Tonductancc can be coverted to ppm by 640 X mmhos. 

82 c 90a 

JOURNAL OF RANGE MANAGEMENT 38(5). September 1983 647 



0 2 4 2 6 IO 12 I4 I6 

OSMOTIC POTENTIAL (-BARS) 

Fig. 2. Percentage germination of kochia seed after ItSdays’exposure in 
germination media of various osmotic potentials. Plateaus designated 
with the same letter are not sig@?antly dflerent at the 95%probability 
Icvel, according to Duncan’s multiple range test. 

Kochia seed germination was not reduced until the osmotic 
potential of the media reached -8 bars (Fig. 2). The germination 
percentages at -1Oand -12 bars were significantly lower than at -8 
bars. Germination was further reduced as the moisture tension was 
increased to -14 and -16 bars. However, there was 50% germina- 
tion at -16 bars. Thus kochia seed germination was not severely 
affected by moisture stress. 

The seedling emergence percentage for kochia seeds left exposed 
on the soil surface (74%) was significantly higher than for those 
planted at a depth of 3 mm (57%). Apparently, seedling emergence 
is inhibited by seed burial. Emergence is probably inhibited 
because of the small size of seed since absence of light has no 
detrimental effect on germination. 

Conclusions and Management Implications 
Kochii seed germination is favored by cool to moderate temper- 

atures. Therefore, field planting should probably be done in Janu- 
ary or February in the southwestern United States to give good 
germination and seedling establishment. No seed dormancy was 

observed for kochia seed. Although germination in the field 
depends on the interaction of the physiological system of the seed 
with actual environmental parameters in the seedbed, the ability of 
kochia seed to germinate under extremes in moisture tension, pH, 
and salinity indicates that it may be adapted to a variety of soil 
conditions. 
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Density and Production of Seeded Range 
Grasses in Southeastern Arizona (19704982) 
JERRY R. COX AND GILBERT L. JORDAN 

Abstract 

Accessions A-68, L-11, L-19, L-28, and L-38 of Lehmann iove- 
gram (Eragrosttip ki?- Nees); P-18608 Cochise lovegram 
(E. i&nauniaua Nees X E. trichophora Cosa & Dur.); A-84 and 
Cataihta hoer lovegrass (II. curv& var. conferta Neea); Paiar 
Wihnan iovegram (E. superba Peyr.) and P-15630 blue panicgram 
(Patukwu antidotak R&z.) were seeded at a study site near San 
Simon, Ariz., in spring 1970 and 1971. Seedbeds were prepared by 
root plowing and furrow pitting immediately before pianthtg. 
Growing season precipitation was 136 mm in 1970 and 218 mm in 
1971. Mean l ccemion densities in the fail after the initial growing 
seasons were 18 plants/m’ for both the 1970 and the 1971 piant- 
htga. Between fail 1971 and 1972 mean accession densities declined 
44% and forage production wa8 unchanged on the 1970 piantings. 
Accemion densities declined 22% and forage production increased 
280% on the 1971 piantings. Between fail 1972 and 1982 the major- 
ity of seeded piants died and forage production declined 90% on 
the 1970 plantings. Accession densiti~ decihted 78% and forage 
production declined 84% on the 1971 pianting. 

Southeastern Arizona and southwestern New Mexico range- 
lands were overutilized and deteriorated rapidly between 1880 and 
1900. Griffith (1901) documented the deterioration and corres- 
ponding livestock losses. Cooperative studies to restore these range- 
lands were initiated in the early 1900’s by the Division of Agrostol- 
ogy (USDA) and State Experiment Stations at Tucson, Ariz., and 
Las Cruces, N. Mex. 

Blount (1892), Griffith (1907), Keefer (1899), and Thornber 
(1905) seeded native and introduced grasses on irrigated and range- 
land sites and evaluated emergence and survival. Teff [Erogrosris 
clbyssinica (Jacq.) Link.] emerged on irrigated and nonirrigated 
sites, but long-term survival occurred only at irrigated sites. 

Native grass either failed to emerge or to survive at southwestern 
revegetation sites between 1910 and 1934 (Barnes et al. 1958, 
Cassady 1938, Glendening 1937, and Hendricks 1936). Numerous 
grass, forbs, and shrub species were introduced after 1930 (Cox et 
al. 1982). These introduced species were screened for germination, 
drouth tolerance, and seed production potential at Soil Conserva- 
tion Service Plant Materials Centers, and a few promising grasses 
were released for rangeland plantings. Among these were A-68 
Lehmann lovegrass and A-84 boer lovegrass; both were introduc- 
tions from southern Africa. 

Lovegrass species and newly developed accessions were sown in 
summer (Bridges 1941 and Herbel et al. 1973) and fall (Bridges 
1941) at desert sites in southern New Mexico. A-68 Lehmann and 
A-84 hoer lovegrasses emerged in moist summers, and A-68 
emerged in wet winters at lower elevations. 

Jordan (1970) conducted studies for 9 years to determine the best 
combinations of mechanical brush control, seedbed preparation, 

‘t%c authors are range scientist, USDA, Agr. Res. Serv., Arid Land EcoSyStC~ 
Improvement, 2OW East Allen Road, Tucson, Ariz. 85719; and professor, lunge 
mmm mea, School of Renewable Natural Resources, University of Arizona, Tut- 
son 8 !e 719. 
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and time of seeding for emergence and survival of forage grasses at 
3 sites in southeastern Arizona. A-68 Lehmann lovegrass emer- 
gence and survival was optimized when root plowing and pitting 
were used to control brush and prepare the seedbed in spring, and 
when seed were sown immediately after a mechanical treatment. 
Comparative seedling trials were conducted to select adapted love- 
grass and blue panicgrass accessions at a study site near San 
Simon, Ariz., in 1970 and 1971. The purpose of this paper is to 
quantitatively document and compare initial and long-term plant 
densities and forage production for these seeding trials. 

Study Site and Methods 

The study site is located 25 km southwest of San Simon, Ariz., 
near the Arizona-New Mexico State Line in southeastern Arizona. 
Average annual precipitation is 280 mm, and 30 to 40% occurs in 
winter. Winter months (November to March) are cold, dry, and 
windy, and typical of the Chihuahuan Desert (Mabry et al. 1977). 
Winter precipitation is either evaporated or transpired by shrubs, 
and apparently not used by seeded grasses (Jordan 1970). 

Effective summer precipitation falls in late July through October 
and varied from 98 to 230 mm at San Simon between 1972 and 
1982 (National Oceanic and Atmospheric Administration, Annual 
Climatological Data Summaries 1972-1982). Mean summer pre- 
cipitation was 165 mm over the 10 years. Figure 1 shows the 
departure of annual summer precipitation from the IO-year aver- 
age. Average annual air temperature is 17OC and the frost-free 
period is 220 days. Soils are deep, well drained, and formed in old 
alluvium from mixed sources. Soils are classified as Eba gravelly 
sandy loam, mixed, thermic Typic Haplargids (Vogt 1980). 

Native perennial grass forage production was 2.5 to 5.0 g/ mr on 

67 I 

Fig. 1. Deviation in summer precipitation totals (mm) between 1972 and 
1982 at San Simon, Ark. (National Oceanic and Atmospheric Adminis- 
tration, Annul Climatological Data Summaries). 

649 



untreated and ungrazed areas within the fenced study site in 1982. 
The area was possibly a semidesert grassland (Humphrey 1958) but 
is now dominated by shrubs. Creosotebush [Larrea tridentata 
(DC.) COV.], tarbush (Flourensia cernua DC.), dune mesquite 
(Prosopis glandulosa Torr. var. glandulosa), and fourwing salt- 
bush [Atriplex canescens (Pursh) Nutt.] are found on uplands; 
catclaw (Acacia greggii A. Gray) is found in washes. 

Root plowing at 45 to 55-cm depths and furrow pitting, in a 
single pass, were used to control shrubs and prepare a seedbed in 
March 1970 and 1971. The seedbed was divided into 14 X 30-m 
plots in 1970 and 14 X 45-m plots in 1971. The following grass 
accessions were broadcast seeded in March, immediately after 
seedbed preparation, on plots arranged in a completely random- 
ized block design with 1 plot of each accession in each of 4 blocks: 
(1) A-68 and experimental accessions L-l I, L-19, L-28, and L-38 
Lehmann lovegrass; (2) A-84 and Catalina boer lovegrasses; (3) 
P-15608 Chochise lovegrass; (4) Palar Wilman lovegrass; and (5) 
P-l 5630 blue panicgrass. Lehmann, boer, and Cochise lovegrasses 
were seeded at 0.5 kg/ ha P.L.S. (Pure Live Seed). 

Wilman lovegrass and blue panicgrass were seeded at 1.5 kg/ ha 
(P.L.S.). A-68 Lehmann and A-84 boer lovegrasses have been 
seeded at many sites in southeastern Arizona, southern New Mex- 
ico, southwestern Texas, and northern Mexico (Cox et al. 1982) 
and were included for comparison standards. 

Density and forage production were estimated in October or 
November by placing 20 0.3 X 1.5-m quadrats at random intervals 
on diagonal transects across each plot. Plants of seeded accessions 
in each quadrat were counted and harvested by clipping at 2.5 cm 
above the soil surface. Density and forage sampling was conducted 
in 1970,1971,1972, and 1982 on 1970 plantings and in 1971,1972, 
and 1982 on 1971 plantings, forage samples were not collected in 
1970. Forage samples were dried at 80°C for 48 h in a forced-air 
oven. 

Density and forage production from the 20 quadrats in each plot 
were averaged, and the plot mean was considered a replication. 
Accession means were compared within each sampling date and 
planting date. Data were subjected to analysis of variance and 
accession means were compared using Duncan’s new multiple 
range test when F values were significant at EO.05 (Steel and 
Torrie 1960). 

Results and Discussion 
1970 Plantings 

Total precipitation during the July to October growing season 
was 136 mm and occurred in 12 storms during 1970. Five storms 
occurred between July 21 and July 27, but only 2 were measurable 
events (Fig. 2). Seedlings began to emerge on August 6 following a 
28-mm storm on August 1, and 2 small storms on July 31 and 

Fig. 2. Summer precipitation (mm) distribution and amounts at the San 
Simon study site in I970 and 1971. 

August 1. Single storms occurred on August 16, September 1 and 
11. A total of 34 mm fell on October 1 and 2. 

Acceptable stand densities were one plant/m* (Cox et al. 1982). 
A-68 Lehmann lovegrass, A-84 and Catalina boer lovegrass, 
Cochise lovegrass ,and Wilman lovegrass densities were superior 
to experimental Lehmann lovegrasses and blue panicgrass follow- 
ing the initial growing season (Table 1). Mean accession densities 
declined 44% by 1971. Only small reductions in density were 
observed from the experimental Lehmann lovegrass accessions 
with the exception of L-38, which increased in density between 
1970 and 1971. Major density declines were observed for the 
remaining lovegrasses and blue panicgrass. 

Mean accession densities declined an additional 50% by fall 1972 
on the 1970 plantings (Table 1) but all accessions had acceptable 
stand densities. A-68 Lehmann lovegrass had significantly greater 
density than all other accessions, and experimental Lehmann love- 
grass accession densities were generally greater than boer, Cochise, 
and Wilman lovegrasses, and blue panicgrass; but differences were 
not always significant. The majority of plants sampled in fall 1972 
had died by 1982. Only L-19 Lehmann lovegrass and A-84 boer 
lovegrass were still present in acceptable stands in 1982. 

Mean accession forage production was 60 and 61 g/m2 in fall 
1971 and 1972, respectively, and declined 9O%in 10 years (Table 1). 
L-l 1, L-28, and L-38 Lehmann lovegrass forage production was 
greatest in 1971, and L-28 and L-38 were greatest in 1982. 

Table 1. Density md production of lovegmsses and blue panicgrass seeded in Much 1970 at San Simon, Ark. Evahutions were made in fall 1970, 
1971,1972, snd 1982. 

Density (Plants/m*) 
Species’ Accession 1970 1971 1972 

Lehmann lovegrass A-68 32’ 14. 12. 
L-11 Sd 5b P 
L-19 12* 8b 6b 
L-28 14’ 14’ 7b 
L-38 6d 19. 6b 

Cochise lovegrass P-15608 22b 8b 4b” 
Boer lovegrass A-84 24b 5b 3” 

Catalina 2P Sb 2= 
Wilman lovegrass Palar 25’b 14’ 4’ 
Blue panicgrass P-15630 15’ Sb T 

x 18 10 5 

lMeans in columns followed by the same superscripts are not significantly different (EO.05). 
*Density was 0.6 to 0.9 plants/mz. 
**Density was 0.2 to 0.5 piants/mz. 
***Density was less than 0.2 plants/m*. 

1982 

*** 
l ** 

1 
* 

*** 
*. 

1 
l 

+ 
+* 

1971 

47b 
108’ 
48b 

114. 
106. 
.2T 
23’ 
2T 
66b 
39’ 
60 

Production (g/m*) 
1972 1982 

54’ lb 
7ob 3b 
73b 12. 

117. 7b 
94. 3b 
49’ 3b 
51= 14. 
29’ 5b 
49’ 5b 
23’ 8 ab 

61 6 
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Table 2. Density md production of iovcgr8we8 8nd blue p8nicgr8~ aded in M8rch 19718t Sm Simon, Ariz. Ewhutionr were m8de in f8ii 1971, 
1972,8nd 1982. 

Density (Plants/m*) 
Species Accession’ 1971 1972 1982 

Lehmann lovegrass A-68 2s 17a 4. 
L-11 22. 19. 2b 
L-19 i4b 12b 2b 
L-28 19: 

14b 
2: L-38 lSb 

Chochise lovegrass P-15608 ;;.b i6b ;.b 

Boer lovegrass A-84 21.b 12b 5’ 
Catalina 24’ 18’ 5. 

Wilman lovegrass Paiar 13b 12b 2b 
Blue panicgrass P-15630 7’ 6’ 4. 

x 18 14 3 

lMeans in columns followed by the same superscripts arc not significantly different (psO.05). 

1971 

46k 
86. 
2sc 
81” 
86’ 
s2b 
30’ 
37c 
49b 
l 

55 

Production (g/ m2) 
1972 1982 

128* T 
181ab 5c 
104* 10’ 
200. 8’ 
i73b 1T 
i77b 38b 
89’ 60. 

i4T 31b 
li6* llC 

52’ 38b 
I37 22 

1971 Plantings 
Total precipitation during the July to October growing season 

was 218 mm and occurred in 11 storms (Fig. 2). Storms of 26, 13, 
and 13 mm occurred on July 29,30, and 3 1, and seedlings began to 
emerge on August 3. Storms of 40, 25, 5, 10, 14, and 27 mm 
occurred at 2 to 1 l-day intervals between August 9 and September 
8; and 9 and 23-mm storms occurred on October .9 and 23, 
respectively. 

lovegrass and A-84 boer lovegrass, over time. 

A-68 and L-1 1 Lehmann lovegrasses, Catalina and A-84 boer 
lovlgrasses, and Cochise lovegrass densities were greatest, and 
L-19, L-28 and L-38 Lehmann lovegrasses and Wilman lovegrass 
densities were lower but not significantly less than A-84 boer 
lovegrass and Chochise lovegrass in 1971 (Table 2). Mean acces- 
sion densities were 18 plants/m* in 1971 and 14 plants/m* in 1972 
on the 1971 plantings. Mean accession densities declined 78% 
between 1972 and 1982 on the 1971 plantings. 

Comparisons of 1970 and 1970 Plantings 

Densities and forage production in 1982 may have been influ- 
enced by growing season precipitation and rodent grazing in the 
previous 10 years. The regular occurrence of above- and below 
average summer precipitation totals between 1972 and 1982 (Fig. 
1) are typical of what has occurred over the past 50 years in the San 
Simon Valley (Sellers and Hill 1974). Therefore, the declines in 
density and forage production measured between 1972 and 1982 
are probably typical for the area. Rodent trails and grazing were 
particularly evident in Cochise lovegrass and A-84 and Catalina 
boer lovegrass plots seeded in 1971. 

Mean accession densities were 18 plants/m* after the initial 
growing seasons on the 1970 and 1971 plantings (Tables 1 and 2). 
Moisture from the 5 early summer storms in 1970 (Fig. 2) had no 
effect on germination, but storm distribution and amount follow- 
ing emergence on August 6 did not influence plant size. Average 
accession heights were 10 cm on the 1970 plantings and 60 cm on 
the 1971 plantings at the end of the initial growing seasons. Field 
observations at San Simon in 1970 and 1971, and at San Simon 
and 2 other planting sites in southeastern Arizona between 1962 
and 1969 (Jordan 1970) suggest that: (1) germination and emer- 
gence follow single storms or groups of closely spaced storms 
which deposit 20 mm or more and (2) emergence occurs in late July 
and August. Therefore, densities and seedling heights in 1970, 
following the March 1970 plantings, were a result of germination 
and emergence which occurred in August and September rather 
than October. 

Summer precipitation totals and distribution occurring at San 
Simon in 1971 can be expected in 1 of 10 years, totalsand distribu- 
tion in 1970 in 4 of 10 years as much less total and a more sporadic 
distribution in 5 of 10 years (Smith 1956, Sellers and Hill 1974). 
These probabilities are similar for other low precipitation zones in 
the Chihuahuan Desert (Herbel et al. 1973). Therefore, a successful 
rangeland seeding could be expected in 1 of 10 years, and densities 
and forage production could be expected to decline for possibly 10 
years even without grazing. If precipitation probabilities, potential 
forage production, and the costs associated with mechanical brush 
control, seedbed preparation, and seed production are related only 
to the expected gain in livestock numbers, then seeding in low 
precipitation zones in the Chihuahuan Desert should be discon- 
tinued (Jordan 1981). Seeding values based on environmental 
indicators such as erosion control, water quality, wildlife habitat, 
and resource stability may be important in the long-term but are 
not currently considered as economic values. 
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Path Coefficient Analysis of Seed Yield in 
Big Bluestem 
A. BOE AND J.G. ROSS 

Abstract 
Path coefficient analysis was performed on 19 spaced-plant, 

open-pollinated big bluestem (Andropogon gmwdii Vit.) progen- 
ies to determine direct and indirect effects of seed yield components 
(number of flowering cuhns, florets per cuhn, fertility index, and 
seed weight) on seed yield. Seed yield was positively correlated with 
ali its components. Number of flowering culms, florets per culm, 
and fertility index had substantial direct effects, in that order, on 
seed yield. The significant positive total correlation between seed 
weight and seed yield resulted from positive indirect effects of 
florets per culm and fertility index. The negative indirect effect of 
number of flowering cuims substantially reduced total correlations 
between seed yield and fertility htdex and Borets per cuhn. Correla- 
tions between forage characters and number of flowering culms 
and seed yield were highly significant. Number of flowering cuhns 
was negatively correlated with seed weight, fertility index, and 
floret per cuim. 

Any range grass breeding program needs to emphasize improve- 
ment of seed characters, especially size and yield. One factor that 
has limited the success of big bluestem (Andropogon gerurdii Vit.) 
in planted pastures and revegetation programs is low yield of 
quality seed. A wide range of seed yield variation exists in many of 
the native range grasses, and a knowledge of the interrelationships 
of seed yield components (e.g., seed weight. fertilitv. and flowering 

The parent plants were progenies of relict populations from 
extreme eastern South Dakota. During the fall of 1978,323 plants 
(7 from each progeny in the first replicate and 5 from each progeny 
in the other replicates) were harvested for seed and the following 
observations were made: (1) seed yield (total weight of fertile 
spikelets), (2) number of flowering culms, (3) florets per culm 
(estimated by weight of unthreshed racemes/number of culms), (4) 
fertility index (percent fertile florets estimated by seed yield/ total 
weight of unthreshed racemes (Raeber and Kalton 1956)), (5) 
weight of 100 naked caryopses, (6) vigor (scale was 5 = most 
vigorous to 1 =least vigorous), (7) leafiness (scale was 5 = leafiest to 
l= least leafy), and (8) plant height. Individual plant seed charac- 
ters were subjected to maximum rz multiple regression analysis. 
Path coefficients were computed from partial regression coefft- 
cients and standard deviations of the dependent and independent 
variables (Li 1975). Seed yield was considered the dependent vari- 
able and components of seed yield (observations 2-5) were consi- 
dered independent variables. 

Path coefficients measure the direct influence of one variable 
upon another and permit the separation of the correlation coeffi- 
cient into components of direct and indirect effects. 

Results and Discussion 
culm production) is necessary if improvement forihese traits is to 
be made. 

PositiVe associations existed between seed yield and all its com- 

This study was conducted to obtain information on the nature of 
ponents, with number of flowering culms having the largest corre- 

seed yield component relationships in big bluestem. 
lation (r = 0.54, X0.01) (Table 1). However, number of flowering 
culms was negatively associated with the other components, sug- 

Materials aud Methods 
gesting seed yield component compensation (Adams 1967). Plants 
that produced many culms generally produced fewer florets per 

Open-pollinated progenies of 19 big bluestem plants were culm, smaller seeds, and were less fertile than plants producing few 

planted in a spaced-plant nursery in 1977 at Brookings, S. Dak. culms. Dewey and Lu (1959) reported mature plant weight was 

Each progeny was represented in 3 replicates by a IO-plant plot. positively correlated with seed yield in crested wheatgrass (Agro- 
pyron cristatum L.), indicating the seed-producing advantage of 

Authors are assistant professor and professor of plant science, South Dakota State 
University, Brookings 57007. 

large plants came from more spikes per plant. 

This report is a contribution from the South Dakota State University Agricultural Seed weight, as shown in Table 1, was positively correlated with 
ExpFrlment Station, Brookings 57007. This is part of a thesis by the senior author in 
partral fulfillment of the requirements for the Ph.D. degree at South Dakota State 

fertility index (r = 0.38, X0.01) and florets per culm (r = 0.23 

University. Journal Paper No. 1763. 
X0.01). This is contrary to findings of Dewey and Lu (1959) but 

Manuscript received March 8, 1982. Christie and Kalton (1960) and Massey (1964) found positive 
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Table 1. Correlation coefficients for forage and seed characters. 

Number of 
flowering FlOMS .&seed Fertility Seed 

Vigor Leafiness Height culms per culm weight index yield 

Vigor 0.53.; 0.70** 0.56*+ 0.32”’ 0.07 -0.17** 0.56** 
Leafiness 0.22** 0.69** 0.03 -0.16** -0.19** 0.46** 
Height 0.12++ 0.47++ 0.15;. -0.07 0.35** 
Number of flowering -0.13** -0.13** -0.24** 0.54** 

culms 
Florets per culm 0.23.. -0.02 0.41.; 
Seed weight 0.38*+ 0.24** 
Fertility index 0.24** 

**Significant at the I% probability level. 

correlations between fertility index and seed weight in smooth 
bromegrass (Bromus inermis Leyss.), and seed weight and seed set 
in big bluestem, respectively. 

Path analysis pointed out that number of flowering culms, 
florets per culm, and fertility index had strong direct effects, in that 
order, on enhancement of seed yield (Table 2). Seed weight, how- 
ever, contributed to seed yield largely through indirect effects of 
florets per culm and fertility index. 

Table 2. Petb coefficient analysis of number of culms,seed weight, fertility 
index, end florets per culm upon seed yield. 

Pathways of association Coefficients 

Seed yield vs. number of flowering culm 
Direct effect 0.756 
Indirect effect via florets/culm -0.105 
Indirect effect via fertility index -0.105 
Indirect effect via seed weight -0.003 
Total correlation 0.542 

Seed yield vs. florets/culm 
Direct effect 0.574 
Indirect effect via number of flowering culms’ -0.139 
Indirect effect via fertility index -0.031 
Indirect effect via seed weight 0.007 
Total correlation 0.410 

Seed yield vs. fertility index 
Direct effect 0.447 
Indirect effect via number of flowering culms -0.178 
Indirect effect via florets/culm -0.040 
Indirect effect via seed weight 0.012 
Total correlation 0.241 

Seed yield vs. seed weight 
Direct effect 0.030 
Indirect effect via number of flowering culms -0.087 
Indirect effect via florets/culm 0.127 
Indirect effect via fertility index 0.178 
Total correlation 0.247 

Correlations between seed yield and florets per culm and fertility 
index would have been high had it not been for the large negative 
indirect effect of number of flowering culms. Conversely, the corre- 
lation between number of flowering culms and seed yield was 
reduced by negative indirect effects of fertility index and florets per 
culm. 

The usefulness of path analysis can be exemplified by a particu- 
lar relationship. The total correlation between seed yield and seed 
weight was positive and highly significant (r = 0.24, KO.01). This 
suggests that increasing seed weight would have a positive effect on 
seed yield. However, when florets per culm and fertility index were 
held constant, seed weight had essentially no effect on seed yield 
(path coefficient between seed weight and seed yield = 0.03) (Table 
2). The indirect effects were more important and masked the direct 
relationship. 
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In total, 76% of the variation in seed yield could be explained by 
variation in the 4independent variables (Table 3). The unexplained 
variation, 24% of the total, may be due in part to variation in 
pubescence of inflorescence structures, as it hindered threshing 
efficiency. 

Table 3. Summery of stepwise multiple regression uulysis of seed yield 
end seed yield components. 

Coefficient of 
Regression equations’ determination 

SY = 1.22 + 0.18 FC 0.294 
SY = -3.39 + 0.21 FC + 6.00 F/C 0.563 
SY = -9.29 + 0.25 FC + 6.62 F/C + 0. I1 FI 0.759 
SY = -9.66 + 0.25 FC + 6.53 F/C + 0.1 I Fl + 3.08 SW 0.760 

ISY = seed yield, FC = number of flowering culms, F/C = florets/culm, FI = fertility 
index, and SW = 100 seed weight. 

The data obtained from this study should be useful to range 
grass breeders and seed producers concerned with increasing seed 
yields. Since manyculmed plants generally produced large seed 
yields, but exhibited low seed set and light seed weight, strict 
selection for culm numbers could have adverse effects on seed size 
and fertility. Seed size is an important character influencing stand 
establishment of big bluestem (Boe 1979) and should not be 
ignored in favor of flowering culm numbers. However, the negative 
relationship between seed weight and number of flowering culms is 
not formidable, and simultaneous selection for both should be 
attempted. This is particularly important since number of flower- 
ing culms is positively correlated with forage value and yield, as 
measured by vigor, leafiness, and height (Table 1). It should be 
possible to develop high forage yielding populations that also 
produce substantial amounts of high quality seed. 
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Comparative Performance of Some Native 
andIntroduoedGrassesinsouthernsaskatchewan, 
Canada 
M.R. KILCHER AND J. LOOMAN 

Abstract 

This study reports on the poor performance of selected native 
grass species compared to that of certain adapted introduced and 
domesticated grasses. Of 12 grass species native to Canada and 
northern U.S.A., ‘I&owed very poorlnltlal establishment. S&sequent 
winterkilling elimlnated them. Of the 5 surviving native grass 
species only 2 attained a fair forage yield level compared to those of 
5 domesticated grasses, and then only after the 3rd or 4th years of 
rge. Most of the native species showed limited competition with 
weeds. N&lent content, particularly crude protein, of the native 
grasses was not sustained as well as that ln some of the tame grasses 
with advancing seasonal growth stages. 

The species of grasses used for seeding in any region are those 
adapted to the climate within that region. For agricultural use they 
are, of course, mainly destined for use as hay, pastures, revegetat- 
ing portions of deteriorated rangelands, conservation, watershed 
protection, and reclamation projects. 

Most success has been achieved from the use of introduced or 
improved domesticated (tame) species of grasses seeded with or 
without an accompanying adapted tame legume. Within the 
Northern Great Plains of North America this reliance on tame 
forages may be even more important, particularly in the arid to 
semiarid regions, because of the adverse climate, moisture defi- 
ciency in particular, along with unreliable snow cover and fre- 
quency of drought. 

A great many papers and reports could be cited, as did Vallen- 
tine (1978) in his bibliography covering the 1935-77 period, that 
repeatedly attest to the superiority of adapted tame species for ease 
of seeding, successful establishment, and greater subsequent dry 
matter production. 

However, despite this large amount of evidence, there still are 
proponents for seeding native species, among them professional 
ecologists, who adhere to the belief that these naturally occurring 
grass species have as much as, or more potential than the domesti- 
cated species and cultivars. It is contended by some of these adher- 
ents that if identical care, attention, and management were given to 
native grass seed plantings as is given to tame grass plantings, they 
would likely perform as well if not better. This contention is held 
despite the fact that native grass seed of local origin is not available. 

We had been challenged to provide data to the contrary. For this 
reason, this study was devised and initiated in 1978 to obtain an 
assessment of the then available native grass seed. 

Methods 

In the early winter of 1978 we reviewed the list of seeds available 
in a brochure of a seed company in Kansas, U.S.A., that specializes 

Authors are pasture and range scientist and range’ecologist, Research Station, 
Research Branch, Agriculture Canada, Swift Current, Sask. S9H 3X2. 
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in native grass seed. We carefully identified and selected species of 
12 native grasses that also occur as components in native vegeta- 
tion in our immediate region (entries 1 to I2 in Table 1). The last 5 
(entries 13 to 17) constituted the check species of tame grasses, one 
of which, entry 14, is a domesticated native grass (common and 
botanical names are listed in Table I). 

The 17 grasses were seeded to a depth of 2 cm in early May 1978 
on land that had been fallowed during the previous growing sea- 
son. Seeding rate was 60 viable seeds per metre length of row. 
Spacing between rows was 60 cm. Three rows constituted a plot 
and these were 6 m long. Only the centre row was subsequently 
sampled for yield and chemical analyses. Treatments were random- 
ized with a four-replicated stacked block arrangement. 

Measurements recorded included establishment success, survi- 
val after the first winter, subsequent yields for 3 successive years 
and other general observation ratings pertaining to occurrence of 
weeds and plant vigor. 

In 1979, the first harvest year, one-third of the centre row was 
harvested in mid-June, another one-third in mid-July and the 
remaining one-third in mid-August. In 1980 and again in 1981 the 
entire centre row was harvested twice, the first cut in June and the 
second in August. Oven-dried weights were determined. 

Results 

The first 7 species listed (Table 2) virtually failed to establish. 
Some of these showed fair initial emergence but the seedlings 
desiccated and died, presumably before survival rooting could 
occur. Subsequent winter injury or killing eliminated the stands, 
such as they were, completely. Thus, the test for the 1979-81 period 
was comprised of the 5 surviving native and 5 tame species. 

Yields 
The yield data shown for 1979 (Table 3) were those recorded 

from the August I5 sampling. In this respect, it constituted the 
total seasonal growth for that first year. In 1980and 198 I the yields 
shown were from 2 cuttings, the first in late June and the second in 
mid- to late August. 

By the fourth growing season in 198 I the 2 Indian ricegrasses still 
had not produced very much dry matter. Western wheatgrass made 
a rather dramatic yield increase in its fourth year but was still 
substantially less than were the yields obtained from green needle- 
grass and the 5 tame check grasses. Green needlegrass made it, so to 
speak, in its fourth growing year. Thickspike wheatgrass plateaued 
in yield almost from the start but was only half of that obtained 
from others. Siberian wheatgrass, which closely resembles the 
crested wheatgrass group and is an introduced grass, gave consist- 
ently good yields from the start. Likewise, both slender wheatgrass 
and crested wheatgrass reached their plant maturity and higher 
yield potential by the second growing year in 1979. Typically, the 2 
tame Elymus species displayed a modest start in yield potential but 
had developed to mature plants with good yields in their fourth 
year. 
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Tabk 1. Identity of ~asscs used in the teat showing source end geographic origin. 

Common name Botanical name 

I. Prairie sandreed 
2. Sand dropseed 
3. Little bluestem 
4. Big bluestem 
5. Big bluestem 
6. Indian grass 
7. Blue grama 
8. Indian ricegrass 
9. Indian ricegrass 

10. Western wheatgrass 
1 I. Green needlegrass 
12. Thickspike wheatgrass 

Calamovifi long~olia (Hook.) Scribn. 
Sporobolus cryptandrus (Torr.) Gray 
Andropogon scoparius Michx. 
Andropogon gerardi Vitman 
Andropogon gerardi Vitman 
Sorghastrum nutons (L.) Nash 
Bouteloua grocilis (HBK.) Lag. 
Oryzopsis iymenoides (R. & S.) Ricker 
0rv.ro~si.r hvmenoides (R. & S.) Ricker 
A&obyron imithii Rydberg 
Stipo viridulo Trin. 
Agropyron dusystachyum (Hook.) Scribn. 

Source Origin 

native 
native 
native 
cv. Bonilla 
native 
native 
native 
native 
cv. Paloma 
native 
native 
native 

Kansas 
Kansas 
Nebraska 
Kansas 
Kansas 
Kansas 
Colorado 
Kansas 
Kansas 
Montana 
S. Dakota 
Kansas 

Checks 
13. Siberian wheatgrass 
14. Slender wheatgrass 
IS. Altai wildrye 
16. Russian wildrye 
17. Crested wheatgrass 

Agropyron fragile (Roth) P. Cand. 
Agropyron trochycoulum (Link) Malte 
EIymus angustus Trin. 
Elymus junceus Fisch. 
Agropyron desertorum (Fisch. Schult.) 

introduced 
commercial 
cv. Prairieland 
cv. Sawki 
cv. Summit 

Washington 
Manitoba, Canada 
Swift Current, Sask. 
Swift Current, Sask. 
Swift Current, Sask. 

$ Crude Protein and $ Phosphorus were again distinctly higher than in most other grasses in the test. 
In 1979, samples of the grasses were taken on June 20, July 20, Phosphorus values in 1980-81 were similar to those measured in 

and August 15 (Table 4). Crude protein (CP) values were deter- 1979. 
mined from measured Yc N. On June 20 only Siberian wheatgrass 
had a CP level less than 11%. Discussion and Other Considerations By July 20, 2 more of the native grasses, thickspike wheatgrass 
and one of the ricegrasses, had fallen in 70 CP of less than 10%. By 
mid-August all the grasses as well as slender wheatgrass had fallen 
to less than 11% CP. By mid-August all of the grasses, with the 
exception of Russian wildrye, had shown a further rather marked 
decrease in CP. 

By June 20 in 1979, all of the grasses had a % P level at about or 
lower than NRC minimum level for adequacy which is given as 
0.17 to 0.23%. By July 20 they had, of course, declined to an even 
lower level. By August 15, all grasses were distinctly deficient in 
level of 90 P. 

In the last 2 years, 1980 and 1981 (Table 5), CP levels were 
generally lower than those obtained in the June and July cuts in 
1979 (Table 4). However, the levels in the two tame Elymus species 

Table 2. Cress description, cstablkhment and survival. 

This trial was conducted with more than ordinary care and 
attention. Whereas we often leave our tame perennial experimental 
seedings to fare for themselves with respect to weeds, this was not 
the case with this test. We cultivated between the rows in 1978, 
hand-hoed weeds adjacent to rows, and hand-weeded within rows. 
Again, in the 2 succeeding years we did interrow cultivation where 
needed, supplemented by recommended herbicide spraying of the 
entire test area. By the third growing year (second sampling year) 
vigorous stands of Siberian wheatgrass, slender wheatgrass, Rus- 
sian wildrye, and crested wheatgrass did not allow within-row 
weed growth. By the fourth growing year (1981), weeds were not a 
serious problem even between rows of these 4 grasses. Also, by 
then, weeds did not occur within rows of green needlegrass or Altai 

cost of Estabhsh- 1978-79 
Entry seed Adj ment winter 
No. Crop Lot. No. PLS’ Purity Germ. per kg cost % survival % 

1. Prairie sandreed DP-6054 44.6 72% 62% $13.97 $6.23 5 0 
2. Sand dropseed DS-2126 85.3 99 86 9.46 9.46 6 0 
3. Little bluestem BL-2280 40.0 90 80 9.46 9.46 3 0 
4. Big bluestem BBB-76 72.0 90 80 9.24 6.64 4 0 
5. Big bluestem BB2247 56.0 70 80 8.80 4.93 7 0 
6. Indian grass IT-6125 45.9 74 62 8.25 3.78 II 2 
7. Blue grama CR2284 32.5 65 50 8.25 2.68 20 2 
8. Indian ricegrass IR-ER-7 87.3 97 90 23.10 20.17 70 75 
9. Indian ricegrass (Paloma) 11-752 60.3 90 67 23.10 13.93 69 80 

10. ; Western wheatgrass WW-2172 76.5 90 85 9.92 7.59 80 95 . 
Il. Green needlegrass FG 71.5 98 73 9.02 9.02 90 90 
12. Thickspike wheatgrass 842 86.2 88 98 16.46 14.19 90 loo 

Checks 
13. Siberian wheatgrass 
14. Slender wheatgrass 
15. Altai wildrye 
16. Russian wildrye 
17. Crested wheatgrass 

‘PLS (pure live seed) 

39-899 86.4 95 91 6.49 6.49 96 100 
1789 91.2 97 94 1.43 1.43 100 100 
Local 94.6 94 8.80 8.80 95 100 
Local 99.2 98 1.30 1.30 100 100 
Local 97.3 97 1.83 1.83 100 100 
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Table 3. Seasonal dry matter yield of aelected gram speck. 

Entry Dry matter yield kg/ hat 
No. Crop 1979 1980 1981 

8 Indian ricegrass 81~ 226d 258e 
9 Indian ricegrass (Paloma) 18f 168d 447d 

10 Western wheatgrass 175d 192d 904c 
11 Green needlegrass 195d 442c 1286b 
12 Thickspike wheatgrass 6281~ 820b 791c 
13 Siberian wheatgrass 1175b 1078a 1555a 
14 Slender wheatgrass l328a 1114a 1324b 
15 Altai wildrye 702bc 917a 153la 
16 Russian wildrye 823bc 987a l898a 
17 Crested wheatgrass 1097b 709b l232b 

Year mean 622 665 1123 

*Within each column, mean values followed by the same letter are not significantly different by Duncan’s multiple range test at PO.05. 

3-yr mean 

188 
211 
424 
641 
746 

1269 
1255 
1050 
1236 
1013 

Table 4. Crude protein (CP) end phosphorus (P) levels of the selected graaeea on 3 eampllng d&a in 1979. 

Entry 
No. Crop 6-20 

Crude protein 1 and phosphorus’ levels 
Percent CP Percent P 

7-20 8-15 6-20 7-20C 8-15 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Indian ricegrass 
Indian ricegrass (Palom 
Western wheatgrass 
Green needlegrass 
Thickspike wheatgrass 
Siberian wheatgrass 
Slender wheatgrass 
Altai wildrye 
Russian wildrye 
Crested wheatgrass 
Stage Mean 

la) 
13.4ab 11.4a 5.&i 0.18a 0.16a O.lOa 
14.Oa 9.9b 5. le 0.16b 0.14a O.lOa 
14.4a 11.9a 8.7b 0.19a 0.15a O.lla 
14.9a 11.4a 8.4b 0.15b 0.13b O.lla 
11.9b 9.5b 6.6d O.lSb O.loC 0.08b 
8.8c 8.6c 6.ld 0.14c 0. lOc 0.08b 

ll.lb 9.8b 5.le 0.16b 0.12b 0.09b 
15.7a 11.7a 9.2b O.lEa 0.16a O.lla 
15.Oa ll.7a 0.5a 0.19a 0.13a O.lOa 
13.4a 11.8a 8.lb 0.18a O.llb 0.07c 
13.2 10.8 7.4c 0.17 0.13 O.lOa 

I Within each column, mean values followed by the same letter are not significantly different by Duncan’s multiple range test at W.05. 

Table 5. Two-year average of crude protein and pbosphorue content ($) of the selected grams at the let and 2nd cute in 1980 and 1981. 

Entry Crude protein’ Phosphorus’ 
No. Crop 1st cut 2nd Cut 1st cut 2nd Cut 

8 Indian ricegrass 11.4b 8.6b 0.16b 
9 Indian ricegrass (Paloma) 11.4b 8.6b 0.14c 

10 Western wheatgrass 11.6b 9.1b 0.18a 
11 Green needlegrass 11.6b 9.2b 0.17a 
12 Thickspike wheatgrass 10.5b 9.lb O.lSb 
13 Siberian wheatgrass lO.Ob lO.Ob 0.16b 
14 Slender wheatgrass 11.9b 8. lc 0.16b 
15 Altai wildrye 14.Oa 13.7a 0.18a 
16 Russian wildrye 14. la 13.6a O.l& 
17 Crested wheatgrass O.lSa 

‘Within each column, mean values followed by the same letter are not significantly different by Duncan’s multiple range test at PO.05 

0.14b 
0.14b 
0.16b 
0.13b 
0.13b 
0.16b 
0.14b 
0.14b 
0.2Oa 
0.17b 

Table 6. AMU~I and eeaeonal precipitation at Swift Current, !hek., during tbe period 1977-81 (mm). 

1978 1979 1980 1981 96-vr lona term 

Annual (mm) 297 294 329 315? 361 
Percent of long term (Y77) (;$) (91%) 
Apr.-Aug. incl. (mm) 192 

(Y2T) 
232 

Percent of long term (77%) (84%) (83%) (98%) 
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wildrye. However, weeds continued to be a serious problem in 
plots of the 2 Indian ricegrasses, western wheatgrass and thickspike 
wheatgrass. We were careful to either hand weed or hand separate 
weeds from harvested material to gain a true grass yield. 

The years 1979-81 inclusive were droughty seasons for perennial 
grasses, particularly during early spring and through the months of 
April and May and well into June (Table 6). Drought years, 
particularly early in the growing season, can be very deleterious to 
grass establishment and, of course, to subsequent plant develop- 
ment and yields. Be that as it may, these are not uncommon 
occurrences in a semiarid region. That is precisely what plant 
breeders consider when they attempt to select and breed for hardy, 
tolerant tame grasses (Lawrence 1978). They are not opposed to 
native grasses (after all, that’s where their gene base originates) but 
simply want to improve them for greater success when seeding, 
reseeding, or revegetating. 

There are undoubtedly instances where, because of circumstan- 
ces, climate or esthetic value, the use of native grass for vegetating 
would be acceptable or even preferable. In such cases economic 
considerations, as cost and productivity, are of minor importance, 
but in range improvement economics play an important role. 

However; it is even probable that ecotypic variation in several 
grass species makes it necessary to use locally harvested seed. 
McMillan (1956, 1959, 1967) has shown that different species of 
prairie grasses have different flowering patterns. Clones from 
different areas transplanted to one location might, therefore, not 
produce any viable seed. For example, western and northern 
clones of blue grama, little bluestem, and big bluestem flower 
earlier than eastern and southern clones. 

In several small-scale tests at this Research Station, which 
included transplanting as well as seeding of various native species, 
it became apparent that very few of these species are suitable for 
domestication. Most of the native species appear to be a complex 
of ecotypes, each adapted to an environmental complex, including 
moisture conditions, amount and periodicity of precipitation, 
soils, earliest and latest frost, daylength, and temperature. As a 
result, each ecotype can survive only in areas with a prevailing 
environment very similar to that in which it is indigenous. 

Even species that do not show ecotypic variation, however, may 
be of limited use, or are of no economic value. Among the latter are 

some of the early bluegrasses (Pea spp.) and June grass (Koeleriu 
grucilis Pers.). Indian ricegrass and the needlegrasses do not show 
ecotypic variation, and many wheatgrasses seem to beadapted toa 
wide variety of environments. 

However, Indian ricegrass is best adapted to light soils; western 
and thickspike wheatgrass sown as dryland pasture are not very 
tolerant to grazing and are of relatively low palatability. Green 
needlegrass is slow in establishing, of rather low palatability, and 
has low tolerance to grazing. 

The most important nativegrasses in western Canadian rangeland, 
spear grass or needle-and-thread (Sripu comufu Trin. & Rupr.), 
and rough fescue [Fesrucu cumpestris Rydb. and F. hullii (Vasey) 
Piper], are not commercially available. Speargrass is practically 
impossible to harvest, while seed yields of the rough fescues are 
very low, and germination is very erratic. 

In our case we are concluding that, everything considered, most 
available native grass species do not have the potential in our 
region to be competitive with the adapted introduced and domesticated 
species and cultivars for pasture or hay. 

*These considerations include: (a) the unavailability of seed of 
local origin, (b) the variability in germination, (c) the physical 
difficulty in processing and seeding some native species, (d) unreli- 
able emergence and establishment, (e) susceptibility to winter 
injury, especially with seed harvested outside the immediate area 
(f) limited competition with weeds, (8) low yields, and (h) the 
comparative high cost of the seed. 
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Effect of Sodium and Magnesium Sulfate on 
Forage Seed Germination 
R.E. RIES AND L. HOFMANN 

AbStraet 

Initial sercenlng of plant species for salt tolerance bas often been 
accomplished by recording germination percent in various salt 
solutions under controlled environmental conditions. The objec- 
tives of this study were to: (1) determine the incubation time 
required to properly evaluate tbe germination percent of 8 forage 
speeiesin sodium sulfate (NazS01) and mapeaium sulfate (MgSO4) 
@utbIwjlmdere condWWQ(2)tod h- 
percent of the 8 forage species in response to tbe NasSO4 and 
MgSO4 solutions after tbe required incubation period. 

detected. Rate of germination decreased with increasing salt con- 
centration. Reed canarygrass (Phuluris cunuriensis L.) had a signif- 
icantly slower rate of germination than tall wheatgrass (Agropyron 
ekmgurum [Host] Beauv.) and tall fescue (Feshrcomrmdinaaea Schreb.). 
A study period of 12-16 days was used in these 3 recent studies. 

The incubation time rquired to stabilise the germination per- 
cent for each species in the salt solutions varied. Alkali sacaton and 
switcbgrass germination percent stabilized after 7 days; founving 
saitbusb, little blue&em, red clover, and thickspike wheatgrass 
rquired 14 days; and green needlegrass, 21 days. The germination 
percent of Canby bluegrass increased throughout the 2g-day study 
period. Germination, after the above incubation periods, was 
enhanced for fourwing saltbush by the NasSO4 and MgSO4 treat- 
ments. Germination of green needlegrass and red clover was 
depressed by aI salt treatments, and alkali sacaitoa, little blue&em 
and switcbgrass germbution was depressed by the NasSO4 treat- 
ment. Germbmtion of thickspike wbeatgrass and Canby bluegrass 
(at 28 days) was not affected by any of the salt treatments. Raulta 
sbow the importance of the incubation period used in the initial 
screening of forage specia for salt tolerance. FourwIng saltbush, 
tbickspike wheatgrass, and Canby bluegrass were the least sensi- 
tive to the NazSO4 and MgSO4 solutions studied. 

For some purposes a screening or initial evaluation of plant 
germination response to salt solutions is necessary. Such studies 
when conducted in germinators or growth chambers, provide an 
evaluation under controlled environmental conditions without the 
complication of soil effects. While not directly applicable to field 
situations, they provide the first screening and initial evaluation. 
The length of time these studies are conducted is important to 
conclusions drawn. Little information is available in the literature 
on how salinity affects germination rate of many forage species. 

The purposes of our study were: (1) to determine the incubation 
time required to properly evaluate the germination percent of 8 
forage species in sodium sulfate (NaSO4) and magnesium sulfate 
(MgSO4) solutions under controlled conditions; (2) to document 
the germination percent of 8 forage species in response to the 
NasSO4 and MgSO4 solutions after the required incubation period. 

Material and Methods 

Germination and plant response to salt concentration in soils 
and other growth media have been studied extensively for many 
cultivated crops but not for many native forage species. Reviews by 
Hayward (1956), Bernstein and Hayward (1958), and Bernstein 
(1962) summarized 2 general ways in which salinity affects plants: 
(1) it increases the osmotic tension of the soil or growth media 
solution which decreases the water availability, and (2) increases 
the concentration of specific ions which can have toxic or nutri- 
tional effects on plant functions. 

Eight forage species of importance in revegetation work were 
used for this study: alkali sacaton (Sporobolus &ok&s [Tot-r.] 

Torr.), Canby bluegrass (Pou cunbyi [Scribn.] Piper), founving 
saltbush (Atriplex cunescens [Pursh] Nutt.), green needlegrass 
(Stipu viridulu Trin.), little bluestem (Andropogon scopurius 
Michx.), red clover ( Wyolium prutense L.), switchgrass (Punicum 
virgutum L.), and thickspike wheatgrass (Agropyron dusystu- 
chyum [Hook.] Scribn.). Alkali sacaton and red clover are classi- 
lied in the literature as having good and poor salt tolerance, 
respectively, (Bernstein 1958) and were included as reference 
species. 

More recently, Hyder and Yasmin (1972) reported that germina- 
tion of alkali sacaton (Sporobolus airoides [Torr.JTorr.) was inhi- 
bited at a concentration of 275 meq/l of sodium chloride (NaCI) 
and that reduction in germination was greater with chlorides of 
magnesium (MB++) and potassium (K+) than sodium (Na+) and 
calcium (Ca”) at equal osmotic tensions (1,2, or 3 atm). Ryan et 
al. (1975) found that increasing salt concentrations (50, 100, 150, 
and+;! meq/l) inhibited germination. Inhibition was greatest with 
M8 and least with Ca++ salts. Magnesium sulfate inhibited 
germination less than the equivalent concentration of magnesium 
chloride (MgCls). Wilman lovegrass (Erugrosfis superb0 Peyr.) 
and weeping lovegrass (Eragrostis curvula [Schrad.]. Nees) were 
found to be relatively salt tolerant. Miller and Chapman (1978) 
found both total germination and rate of germination of 3 peren- 
nial grasses were affected by concentration (electrical conductivity 
= 4, 10 and 16 mmhos/cm) of 6 salts. No specific ion effects were 

Three salt treatments were established by adding NasSOJ and 
MgSO4 to distilled water. These salts were selected because of their 
importance in soils and mine spoils of the Fort Union geologic 
group in the Northern Great Plains area of North Dakota, Mon- 
tana, and Wyoming. Concentrations of these salts were mixed to 
simulate NasSO4 and MgSO4 concentrations observed in naturally 

Table 1. Winity trdmenta used in germl~tion study lor 8 forqe 
rpcdcr. 

Salt 
treatment Cation 

Electrical 
conduct- Osmotic 
ivity 

Anion (dS m-l) 
potential 
(MPa) 

Authors are range scientist and research agronomist, Northern Great Plains 
Research Center, USDA-AR& P.O. Box 459, Msndan, N. Dak. 58554. 

Thii report is a contribution from USDA-AR& North Central Region. 
Manuscript received April 5, 1982. 

Control’ 
NalsO4 
MgSO4 
NaBOr plus 

MgSO4 

~Distilled water. 

<I mm01 L‘ .009 <.Ol 
I20 mmol 10.3 -.31 
100 mm01 (Mg+ (Na+]L- )L- %’ . 8.8 -.24 

66 mmol (Na+JL- + SOT 9.2 -.26 
33 mmol (Mg 2)L- 
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Table 2. Required incubation time and germination pcreent in NasSO4 and MIS04 solutions for 8 forage spceia. 

Germination % 

Incubation Control Salt treatments LSD 
time (x) N&O4 (o) MgSO4 (A) NazSO4 + MgSO4 (0) .05 

Thickspike wheatgrass 14 days 87 82 84 88 8 
Switchgrass 7 71 57” IO 65 9 
Alkali sacaton 7 77 68, 71 76 7 
Red clover 14 79 45+ 70. 6P 8 
Little bluestcm 14 46 37’ 40 40 8 
Canby bluegrass 2a+3 61 46 46 55 16 
Green needlegrass 21 
Fourwing saltbush 14 

:: 23. 26. 22. 8 
jg++z 34’. 28 9 

T3alts rcdueed germination percent compared to control. 
Salts enhanced germination percent compared to control. 
Gwmination percent increased throughout 28day study period. Salt response was tested at 28 days. 

occurring spoil material in the region. Some spoils are high in only 
NaSO4, others are high in only MgSO4, and other spoils have a 
mixture of NasSO4 and MgSO4. Distilled water was used as control 
media The 4 treatment solutions are described in Table 1. 

from any of the salt treatments. 

Soluble salt content of the solutions was measured with a con- 
ductivity bridge, and this electrical conductivity was converted 
graphically to osmotic potential for each individual salt combina- 
tion (U.S. Salinity Laboratory Staff 1954). 

Germination tests were conducted in a germinator maintained at 
27 f lo C during a ldhour light period and at 18 f lo C during an 
8-hour dark period. The light system consisted bf cool-white fluo- 
rescent bulbs that produced a quantum flux density of 38~ mol 
m-%-1. An experimental unit consisted of 100 seeds of a particular 
species placed on blotter paper over an absorbent pad in a covered 
germination dish (11 by 11 cm) with 65 ml of distilled water or salt 
solution added. Each experimental unit was replicated 4 times in 
the germinator in a randomized complete block design. Number of 
germinated seeds (radicle exposed) was counted at 4,7 14,21, and 
28 days. Weight loss of the germination dishes during the study was 
small (<.5 g/dish), and no additional solution was added. 

Differences between mean germination percent for each species 
and treatment across count dates were determined by Duncan’s 
multiple range test at the .05 probability level (Steel and Torrie 
1960). The incubation time required for accurate evaluation of salt 
effects was considered to be at the count date when the germination 
percent for each species in relation to all salt treatments did not 
change (p q  .05) throughout the rest of the 28day study period. The 
germination percent at this date for each treatment was compared 
to the distilled water control by the least significant difference test 
at the .05 probability level to determine salt response for each 
species (Steel and Torrie 1960). 

Results 
The germination percent for founving saltbush, little bluestem, 

red clover, and thickspike wheatgrass did not change after 14 days 
into the 28day study period (Fig. 1 and Fig. 2). Alkali sacaton and 
switchgrass germination percent remained constant from day 7 
throughout the remainder of the 28day study period (Fig. 1). 
Percent germination of green needlegrass increased until day 21 
(Fig. 2). Canby bluegrass germination percent increased at each 
count throughout the 28day study period (Fig. 2). 

The incubation time required for the germination percent for 
each species to stabilize is presented in Table 2. At this count date, 
the germination percent for each species and salt treatment was 
compared to the distilled water control (Table 2). Founving salt- 
bush had higher germination percent than the control in the 
NasSO4 and MgSO4 treatments. Green needlegrass and red clover 
had less germination in all salt treatments than the control. Alkali 
sacaton, little bluestem, and switchgrass had less germination than 
the control only in the Na2SO4 treatment. Thickspike wheatgrass 
and Canby bluegrass (at 28 days) had no decrease in germination 
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Discussion 
The incubation time required to make an accurate assessment of 

salt effects during germination differed for the various species 
(Table 2). Switchgrass and alkali sacaton germination percent 
remained stable after 7 days, fourwing saltbush, little bluestem, red 
clover and thickspike wheatgrass stabilized after 14 days, and 
green needlegrass germination percent remained constant after 21 
days. Canby bluegrass germination percent in the salt treatments 
continually changed throughout the 28day study period. These 
data indicate that the effect of the salt treatments on the germina- 
tion percent of these species is time dependent and is in agreement 
with the findings for rice germination reported by Kaddah (1963). 
Some plant species appear to be able to tolerate or adjust to the salt 
media even though germination was initially inhibited or, as in the 
case of fourwing saltbush, accelerated. The length of the incuba- 
tion period is therefore critical when seed germination is used for 
initial screening of plant species in relation to salt solutions. This 
should be considered in designing salt studies to insure proper 
interpretation. 

The second part of this study was to document the germination 
response of the 8 forage species to the NasSO4 and MgSO4 in 
solutions under a controlled environment and without the intlu- 
ence of soil. The NazSO4 treatment had the greatest effect on 
germination. Alkali sacaton, green needlegrass, little bluestem, red 
clover and switchgrass all had lower germination in the NasSO4 
solution than in the distilled water control. Germination of four- 
wing saltbush was greater in both the NalSO4 and MgXh solu- 
tions than in control. Germination of Canby bluegrass (at 28 days) 
and thickspike wheatgrass was unaffected by any of the salt treat- 
ments. Green needlegrass and red clover also had lower germina- 
tion than the control in the MgSO4 and NasSO4 + MgSO4 solu- 
tions. These salt responses are similar to salt responses for other 
species reported in the literature (Ryan et al. 1975; Miller and 
Chapman 1978). The salt responses observed in this study provide 
initial screening information on the tolerance of these species to 
NasSO4 and MgSO4 salts during germination without soil. The 
germination of these species in soil under field conditions has not 
been investigated. However, one would expect green needlegrass 
and red clover to be least suited for germination on areas where the 
saturated soil solution contained NasSO4 and MgSO4 concentra- 
tions similar to those studied and found in soil and spoil of the Fort 
Union geologic group in the Northern Great Plains. On the other 
hand, thickspike wheatgrass and founving saltbush appear well 
suited for such conditions. 
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Seasonal Effects of Nitrogen Fertilization on 
Three Species of South Texas Browse Plants 

J.H. EVERITT AND H.W. CAUSMAN 

Abstract 

We conducted a study in Kenedy County of south Texas to 
determine nitrogen (N) fertilization effects on crude protein (CP), 
P, Ca, K, and Mg contents of 3 important deer browse plants 
(granjeno, C&r prrllyda; lime pricklyash, Zanthoxyhm fagare 
8nd bluewood, Con&&a hookaj). Four N fertilizer rates (Sa, 112, 
168, and 224 kg N/ha) were applied in Februuy 198910 improved 
rangeland plots where brush was reinfesting. Control plots were 
nonfertilized. Vegetation samples were assayed for CP, P, Ca, K, 
and Mg contents on 5 dates: June, September, and December 1980, 
and April and July 1981. The CP content of plants fertilized with 
112 kg N/htt or more was significantly higher (P= 0.05) tbrn those 
fertilized with 56 kg N/ha or nonfertilized. Except for lime prickly- 
ash plants fertilized with 224 kg N/ha, the CP content of pliats 
fertilized with 168 and 224 kg N/h8 was not significantly different 
from those fertilized with 112 kg N/ha. The addition of 56 kg N/ha 
had no effect on the species’ CP content. Nitrogen fertilization had 
little effect on the P, Ca, K, and Mg contents of the speciee. The 3 
species from both nontreated and treated plots had adequate CP, 
Ca, K, and Mg levels for deer nutritive requirements throughout 
the study, but P levels were generally deficient except in April 1981. 

Fertilizers increase range forage quality and yield (Duncan and 
Hylton 1970, Rogler and Lorenz 1974). However, most fertilizer 
research has been conducted on herbaceous species, particularly 
grasses. Fewer studies have been conducted on browse plants’ 
response to fertilization, and most of these have been conducted on 
game ranges. Wood and Lindsey (1967) in Pennsylvania and Abel 
and Gilbert (1974) in Maine found increased crude protein (CP) in 
deer browse in forested areas after fertilization. Anderson et al. 
(1974), found increased CP in wavyleaf oak (Quercus undulutu) 
leaves after N fertilization on a New Mexico range. 

Little information exists on the effects of fertilizer on the quality 
of browse plants on Texas rangelands. We are reporting the results 
of a south Texas study on the N fertilization effects on CP, P, Ca, 
K, and Mg contents of 3 important deer browse species. 

Materials and Methods 

This study was conducted on the H. Yturria Ranch, 13 km north 
Authors an range scientist and supervisory plant physiologist, rcspcctively, Agri- 

cultural Research Service, USDA, Wcslaco, Texas 785%. 
This study is a contribution from the Remote Sensing Research Unit, Southern 

Region, Agricultural Research Service, USDA, Weslaco, Texas. 
Authors thank the H. Yturria Ranch personnel for their cooperation and M.A. 

Alaniz for his assistance in the field and laboratory. 
Manuscript nccived Sept. 17.1982. 
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of Raymondville in Kenedy County, Texas. The area is in a transi- 
tion zone between the Coastal Prairies and the South Texas Plains 
(Gould 1975). The climate is mild with short winters and relatively 
warm temperatures throughout the year. The average growing 
season exceeds 300 days (U.S. Dep. Commerce 1970). Average 
annual rainfall is 68 cm with most rainfall occurring during thun- 
derstorms that are unevenly distributed both geographically and 
seasonally. Occasionally, tropical disturbances produce heavy 
rainfall. September has the highest long-term monthly average. A 
second rainfall peak occurs in late May or early June from squall- 
line thunderstorms. Long rainless periods may occur any time of 
the year. 

The topography is flat to gently sloping; elevation ranges from 
sea level to 30 m (U.S. Geological Survey 7.5minute topographic 
maps). The area consists primarily of chaparral-mixed grass com- 
munities (Drawe et al. 1978). Several small tracts of brushland 
have been bulldozed or rootplowed on the ranch allowing native 
grasses and herbs to become reestablished. 

The experimental location was on a tight sandy loam range site 
with Delfina fine sandy loam soil (Aquic Paleustalfs). The brush 
had been bulldozed in 1977, but reinfestation was evident. The site 
had less than a 10% woody canopy cover. The experimental design 
was a randomized complete block consisting of 3 separate blocks 
with all treatments in each. Treatments were 4 rates of N (ammo- 
nium sulfate): 56,112,168, and 224 kg N/ ha, and a control (nonfer- 
tilized). Plot size was 24.4 X 38.1 m with 6.1-m wide alleys between 
plots. The N was applied in mid-February 1980 with a rotary 
fertilizer distributor. The study site was enclosed by a barbed wire 
fence to exclude cattle. Deer, however, had access to the plots, but 
there was no evidence of browsing pressure. The average deer 
density on the Yturria Ranch was estimated to be l/7 ha (Gary 
Waggerman, Texas Parks and Wildlife Department, personal 
communication). 

Three browse species were selected for nutrient analyses: gran- 
jeno, lime pricklyash, and bluewood. All 3 species were abundant 
on the experimental site and were selected for study because they 
are important foods of the white-tailed deer (Odocoileus virginia- 
nus) in south Texas (Davis 1951, Everitt and Drawe 1974, Everitt 
and Gonzalez 1979, Arnold and Drawe 1979). Plants were sampled 
mid-monthly in June, September, and December 1980, and April 
and July 1981. Plants were hand-clipped with only the outer 5 cm 
of new growth (leaves and stems) sampled. Composited samples 
from 12 or more plants of each species were collected from each 
plot, air dried at 65°C for 48 hours, ground in a Wiley mill through 
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a l-mm mesh screen, thoroughly mixed, and stored in sealed jars. Phosphorus 
Duplicate plant samples for each treatment replication were 

analyzed for CP, P, Ca, K, and Mg. The duplicate samples were 
averaged prior to statistical analyses. Total N was determined by 
the Kjeldahl method (Peech et al. 1947). Nitrogen levels were 
multiplied by 6.25 and expressed as percent CP. Levels of Ca, K, 
and Mg were determined by atomic absorption spectrometry 
(Robinson 1966). Lanthanum oxide was added to Ca and Mg 
samples to reduce interference. Phosphorus was determined by the 
rapid digestion method (Bolin and Stramberg 1944). 

Each plant species was analyzed separately for analyses of var- 
iance. Plant species were not combined for analyses of variance 
because of the generally wide range of values among species. 
Duncan’s multiple range test was used to test the significance of 
mean differences at P = 0.05 (Steel and Torrie 1960). 

Mean P levels of lime pricklyash plants fertilized with 112, 168, 
and 224 kg N/ha were significantly lower than P levels in control 
plants. There were no significant differences among treatment 
means for bluewood and granjeno. The P levels of the 3 species 
differed significantly among the sampling dates. Phosphorus levels 
of bluewood and lime pricklyash were significantly higher in April 
1981 than on the other dates, while P levels of granjeno were 
significantly higher in April 1981 and September 1980 than on the 
other dates. The P levels of the 3 species were generally lowest in 
December 1980 or in July 1981. The higher P levels in April 
support the findings of Varner et al. (1977) and Everitt and Gon- 
zalez (1981), who reported that the P content of south Texas 
browse species was higher during the spring. 

Calcium, Potassium, and Magnesium 
Results and Discussion 

All nutrient content data for the 3 browse species is presented in 
Table 1. 

Crude Protein 

Calcium levels of fertilized browse plants did not differ signifi- 
cantly from those levels in control plants. However, Ca levels of the 
species did differ significantly among dates. The 3 species' Ca levels 
were significantly higher in December 1980 than on the other dates. 
This agrees with the findings of Eve&t and Gonzalez (1981). 

Nitrogen fertilization increased the CP content of the 3 species. 
Granjeno plants fertilized with 112, 168, and 224 kg N/ha had 
significantly higher levels of CP than control plants; for example, 
granjeno plants fertilized with 224 kg N/ha were 24% higher in CP 
than control plants. Lime pricklyash plants fertilized with 112 kg 
N/ha had significantly higher levels of CP than control plants, 
while plants fertilized with 224 kg N/ha had significantly higher 
levels of CP than those from the other N treatments. Bluewood 
plants fertilized with 112 and 168 kg N/ha had significantly higher 
levels of CP than plants fertilized with 56 kg N/ ha or nonfertilized 
plants. Apparently, adding 56 kg N/ha had little influence on the 
CP content of the 3 species. Other workers have also reported 
increased CP content in shrubs after N fertilization (Gibbens and 
Pieper 1962, Wood and Lindsey 1967, Anderson et al. 1974). 

Potassium content of fertilized browse plants did not differ 
significantly from that of control plants, but mean K levels differed 
significantly among the 5 sampling dates. The 3 species’ K levels 
were significantly lower in December 1980 than on the other sam- 
pling dates. Lime pricklyash and granjeno had significantly higher 
levels of K in September 1980 than on the other sampling dates, 
whereas bluewood’s K content was significantly higher in July 1981 
than on the other dates. 

The CP content of the 3 species differed significantly among the 
5 sampling dates. Crude protein was highest in September 1980 
and/ or April 1981, and lowest in December 1980 and July 1981. 
The higher CP content in September 1980 probably resulted from 
36 cm of rain which fell in August 1980 during Hurricane Allen. 
After the heavy rainfall, the vegetation sprouted with young, 
tender growth. 

The addition of N fertilizer had little effect on the Mg content of 
the browse plants. No significant differences were found among the 
treatment means of bluewood and lime pricklyash. Granjeno 
plants fertilized with 112 and 224 kg N/ha had significantly lower 
levels of big than plants fertilized with 56 kg N/ha or those 
nonfertilized. The 3 species’ Mg levels differed significantly among 
sampling dates, but the species did not respond alike. Lime prick- 
lyash and granjeno’s Mg content were significantly higher in Sep 
tember and December 1980 than on the other dates, whereas 
bluewood’s Mg content was significantly higher in July 1981 than 
on the other sampling dates. 

Precipit8tion 

The CP peak of April 1981 probably resulted from new spring 
growth. Varner et al. (1977) and Everitt and Gonzalez (1981), 
reported that the highest CP in south Texas browse plants usually 
occurred during the spring. 

Lack of rainfall during the first 3 months after N fertilization 
may have been detrimental to plant nutrient content. After fertili- 
zation in mid-February 1980, only 2 cm of measurable rainfall 
occurred until mid-May, when 12 cm of rainfall was recorded over 

Table 1. Mean treatment ti seasons1 nutrient contenta of 3 soutb Tcxaa brome planta following nitrogen fertilhtion. 

Snecies 

Treat- 
ment Treatment means’ Seasonal means 

iknlhab CP2 P ca K Mn Date CP P ca K Mn 
Bluewood ON 16.2~ 0.17a 1.33 a 2.57 a 0.68 a June 1980 16.8 b 0.17 c 1.34 b 2.36 b 0.64 bc 

56N 16.4bc 0.18a 1.38 a 2.58 a 0.69 a Sept. 1980 19.7 a 0.20 b 0.99 d 2.58 b 0.62 c 
112N 18.1 a 0.18a 1.20 a 2.42 a 0.66 a D&. 1980 17.0 b 0.16 c 1.56 a 1.87 c 0.72 b 
168N 18.5a 0.18a 1.29 a 2.38 a 0.66 a Apr. 1981 19.4 a 0.24 a 1.18 c 2.53 b 0.58 c 
224N 17.8ab 0.17a 1.22a 2.43 a 0.66 a July 1981 14.0 c 0.13 d 1.35 b 3.03 a 0.80 a 

Lime pricklyash ON 15.3~ 0.24 a 1.22 a 1.6Oa 0.39 a June 1980 15.6 b 0.18 c 1.20 b 1.64 b 0.33 b 
56N 15.4 bc 0.22 ab 1.25 a 1.57 a 0.38 a Sept.1980 17.8 a 0.22 b 1.02 c 1.76 a 0.46 a 

112N 16.4b 0.21 a 1.20 a l&a 0.40 a Dec. 1980 14.3 c 0.17 c 1.88 a 1.35 d 0.46 a 
168N 16.3bc 0.21 a 1.14a 1.59 a 0.41 a Apr. 1981 18.1 a 0.29 a 0.96 c 1.56 c 0.35 b 
224N 17.5a 0.22 ab 1.22a 1.54 a 0.37 a July 1981 15.0 bc 0.23 b 0.97 c 1.62 bc 0.35 b 

Granjeno ON 20.5 b 0.21 a 3.64 a 1.86 a 1.02a June 1980 25.4 b 0.23 b 2.90 c 1.84 bc 0.83 c 
56N 21.6b 0.22 a 3.58 a 1.74 a 1.02 a Sept. 1980 29.3 a 0.28 a 3.88 b 2.09 a 1.15 a 

112N 25.3 a 0.25 a 3.31 a 1.82 a 0.96 a Dec. 1980 18.1 c 0.20 bc 5.18 a 1.47 d 1.17 a 
168N 25.5 a 0.25 a 3.56 a 1.82 a l.OOab Apr. 1981 27.4 ab 0.29 a 2.34 d 1.93 b 0.78 d 
224N 27.1 a 0.24 a 3.34 a 1.85 a 0.95 b July 1981 19.7 c 0.17 c 3.12 c 1.75 c 1.02 b 

lMcans associated with the same letters within P species and column do not differ significantly at the 0.05% probability kvel, according to Duncan’s multiple range teat. 
TP = Crude protein. 
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a l-week period. Drought conditions prevailed from June-August 
1980 until after Hurricane Allen. Above-normal precipitation was 
recorded on the study area thereafter until July 1981. Although no 
volatilization measurements were made, it was observed that the 
ammonium sulfate pellets lay on the ground for a considerable 
time before dissolution. Consequently, some N may have been lost 
by volatilization. Hull (1963) reported that up to 50% of N broad- 
cast on grassland soils in the ammonium form can volatilize. 
Although the CP content of N-fertilized browse was significantly 
increased, we believe that a greater increase. in CP and possibly 
other nutrient levels would have occurred with more rainfall dur- 
ing the early months of the study. 

Conclusions and Management Implications 
We found that browse plant quality, as measured by CP content, 

was increased by N fertilization. However, a N application at a 112 
kg N/ha rate was needed to significantly increase the CP content of 
bluewood, lime pricklyash, and granjeno. Applications of 168 and 
224 kg N/ha rates did not generally enhance the CP content of 
browse plants over those with the 112 kg N/ha rate. The CP 
content of the 3 species, from both fertilized and nonfertilized 
plots, always exceeded the 13% minimum level recommended for 
maximum gain and reproduction in white-tailed deer (French et al. 
1956, Murphy and Coates 1966, Vermeand Ullrey 1972). Nitrogen 
fertilization had little or no effect on the Ca, K, and Mgcontent of 
browse plants. The Ca, K, and Mg content of the 3 species always 
exceeded the requirements for deer and other ruminants (Mag- 
ruder et al. 1957, Maynard and Loosli 1969, Vet-me and Ullrey 
1972). Since the nonfertilized browse plants contained adequate 
levels of CP, Ca, K, and Mg, N fertilization is probably not an 
important management tool for south Texas browse plants. If 
managers do desire to use N fertilizer to increase CP levels, our 
results indicate that rates need not exceed 112 kg N/ha. 

The P levels of the 3 species were often below the 0.25% min- 
imum requirement level reported for deer (Magruder et al. 1957). 
Phosphorus is a critical nutrient in deer food plants in south Texas 
and elsewhere in the United States (Umess et al. 1971, Short 1977, 
Everitt and Gonzalez 1981). Unfortunately, we found that, for 
some unknown reason, the P content in lime pricklyash decreased 
with N fertilization. We assumed that the sulfate from ammonium 
sulfate would have only a slight influence on nutrient solubility in 
the soil with a pH of about 8.0 (Jerry Jacobs, Soil Conservation 
Service:personal communication). If the sulfate had any measura- 
ble effect, it should have increased the P availability. Therefore, 
other N and P fertilizer rates and combinations need to be evalu- 
ated on browse plants to determine if their P content deficiencies 
for animals can be alleviated. 
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Ecotypic Variation in Tripsacum dactyloides 
Evaluated in Texas 
T.G. SCHLIESING AND B.E. DAHL 

AbStnCt 
Eastern gamayass collections (26) from tbrougbout Texas, 

except the Tram-Pccos, and from southern Oklahoma (3) were 
evaluated in a common garden at Uvalde, Texas, to select an 
ecotype suitable for planting in central and south Texas. Four 
potential ecotypes existed among the collectlons with a fiftb exist- 
ing in collections from extreme soutbeaat Texae. The characters of 
this latter type overlapped those of collections from north Texas 
makbq it lesa distinct from tbe others. Collections (Type C) from 
central and west Texas were superior to all others ia forage produc- 
tion, crude protein, and chlorophyll content. Collections from near 
Baird and Bracketvllle were outstanding and further field evalua- 
tion ls warranted. 

Eastern gamagrass (Trz@ucum ducryloides (L.) L.) is one of the 
highest producing native grasses in Texas and it is among the most 
palatable. 

According to Polk and Adcock (1964), early settlers in Texas 
found this grass covering thousands of acres in almost pure stands. 
They believe it was important in one-third of Texas and it was 
found scattered throughout Texas. Because of this high palatabil- 
ity, it primarily remains in only a few isolated areas in swales, 
streambanks, and moist places (Hitchcock 1951) in the drier por- 
tions of Texas that are seldom frequented by domestic livestock. In 
rare instances it is still managed for hay and grazing on farms and 
ranches in central Texas and along the Gulf Coast. Because of its 
high forage potential, we were interested in finding planting mate- 
rial from among eastern gamagrass collections from Texas and 
southern Oklahoma with characteristics deemed desirable as plant- 
ing stock for central and south Texas. Thus, the major objective of 
this study was to evaluate eastern gamagrass collections in a com- 
mon garden at Uvalde, Texas, to search for high producing eco- 
types with desirable nutritional characteristics. This paper presents 
the first phase or the selection of potentially useful ecotypes from 
the eastern gamagrass collections available to us. Cutler and An- 
derson (1941) reported sufficient morphological differences in the 
Trans-Pecos area populations in west Texas to merit variety rank, 
l’kipsacum dactyloides var. occidentale, although it is apparently 
not so recognized now (Gould 1975). We made no collections from 
this area. 

Pastern gamagrass occurs in at least 26 states in the eastern half 
of the United States, south through Mexico to Central America, 
and the West Indies (Cutler and Anderson 1941). Gould (1975) 
shows eastern gamagrass in every major vegetational area in 
Texas. 

Galinat et al. (1964) suggests considerable age for the genus 
Wpsacum due to the “differentiation of Tkipsacum into nine 
diverse species distributed throughout much of the New World.” 
Wilkes (1972) theorized that the “center of variation for Dipsacum 
is the western escarpment of central Mexico.” According to him 
“‘seven of the nine recognized species are native to Mexico and 
Guatemala, an eighth, iWpsacumfloridanum, is native to Florida 
and the Gulf Coast of Texas and the ninth, Tbipsacum australe 

Authors arc instructor in agriculture, Southwest Texas Junior CoUegc, Uvalde, and 
professor, range and wildlife management, Texas Tech University, Lubbock. 

(and possibly other undescribed species) is native to South Amer- 
ica.” Randolph (1970) studied the variation among 7bipsacum 
populations of Mexico and Guatemala and concluded that the 
evolution of new taxa is “‘continuing as a contemporary pheno- 
menon wherever sympatric associations of cross-compatible and 
morphologically different diploid and tetraploid taxa exist in 
adjoining habitats.“Tantravahi (1971) used 8 morphological char- 
acters and discriminant function analysis to separate 4 populations 
of the Tkipsacum lanceolatum complex. We also used morphologi- 
cal plus some chemical characteristics to separate our collections 
into potential ecotypes. 

Materials and Methods 

Easten gamagrass collections were divided into ramets and ran- 
domly placed in a transplant plot at Uvalde, Texas, during the 
spring of 197 1. The transplant garden is uniformly level and the soil 
is a Monte11 Clay. The rainfall averages approximately 600 mm 
with about 80% occurring during April through October. 

Clonal material was obtained from 2 sources. The first was 
through the United States Department of Agriculture, Soil Con- 
servation Service, James E. “Bud” Smith Plant Materials Center 
located at Knox City, Texas. Soil Conservation Service collections 
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Fig. 1. Map showing location of eastern gamagrass collections and the 
ecotype to which each colkction was placed by discriminant function 
analysts. 
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originated from 14 service collections from Texas and Oklahoma. 
The second source was from private collections made during 
December, 1970. These private collections were from 16 popula- 
tions in Texas. (The location of all collections with the ID number 
are plotted on the Texas Collection Site and Type Map (Fig. 1)). 
The collection sources on the map legend with numerical prefixes 
retain the original Soil Conservation Service ID number (Fig. 1). 

The common garden included 5 replications each from the 30 
collections. Each plant was randomly placed in the transplant 
garden. The transplant garden was established in spring, 197 1 on a 
small irrigated field adjacent to the Southwest Texas Junior Col- 
lege campus in Uvalde, Texas. 

Information collected was grouped into environmental variables 
and plant variables. Environmental variables included latitude and 
longitude to the nearest degree; elevation to the nearest 15 M; mean 
annual precipitation in mm; January mean minimum temperature; 
July mean maximum temperature; length of growing season in 
days; soil texture expressed as percent clay content; and topogra- 
phic position with reference to range site, as used by Dahl(1966). 
The topographic position index ranged from a value of 1 for the 
driest site to a 5 for the wettest site. 

Plant variables included number of flowering culms; number of 
lateral flowering branches per culm; color of stigma; leaf width 
(mm); leaf length (cm); first clipping forage production (g); second 
clipping forage production (8); crude protein (%); carotene (mg/ kg); 
chlorophyll a and b (mg/g); and color of leaf (Munsell Color 
Chart). 

The 14plant variables were measured during the growing season 
of 1972. The number of flowering culms were counted at the first of 
2clippings on July 1,1972. Plants were clipped at a 15-cm height to 
insure maintenance of a healthy plant. The contour of the root- 
crown was followed so that all culms were clipped to a 15-cm level. 

Separation of vegetative and flowering culms was facilitated by 
the growth habit of eastern gamagrass. Eastern gamagrass is a 
vigorous bunchgrass producing multiple tillers which expands 
plant diameter under favorable conditions (Dewald and Louthan 
1979). Most tillers were vegetative at the time of clipping. Vegeta- 
tive and flowering culms were easily separated when clipped. The 
second clipping was made on December 31, 1972. The first killing 
frost occurred at the transplant plot on December 16,1972, when 
the temperature dropped to -8.9Y. Prior to this the collections 
from north Texas and southern Oklahoma showed signs of dor- 
mancy although the lower half of the plant remained green. Collec- 
tions from the Texas coastal area remained completely green 
although they apparently were not actively growing. 

Leaf blade width was measured at the widest point on blades 
taken at random from the outer perimeter of the plant. Five 
measurements per plant were averaged to determine blade width 
and length. Crude protein was determined by the Kjeldahl method. 
All chemical analyses were determined on plant tissue collected 
and dried on July 1,1972. Carotene was determined as outlined by 
Goodwin (1955). Chlorophyll a and b were analyzed according to 
the method described by Amon (1949). 

Discriminant Function Analysis Program BMD-O7M, edited by 
Dixon (1973), was used to allocate collections to “type” groups. 
Discriminant analysis was first applied to plant variables and 
subsequently applied to environmental variables. 

Results and Discussion 
Using the discriminant function approach to separate potential 

ecotypes, 3 groupings were required to discriminate the type 
groups using the 14 plant variables. The first grouping was based 
subjectively on initial data collected during 197 1, the year of estab- 
lishment. This grouping indicated 4 potential ecotypes. Field mea- 
surements used to place the collections into the 4 type groups 
included: leaf width, color of leaves, leaf length, number of flower- 
ing culms, relative size of plants, and growth habit (upright to 
decumbent). 

The second grouping into 4 potential ecotypes was obtained 

from discriminant analysis, but using the second year (1972) field 
data. All values measured were included. Because the plants were 
well established by the second year, it was believed these data were 
more indicative of true differences among the collections. When 
compared with the 1972 data, several collections displayed a typi- 
cal morphological expression during 1971. Because of this differ- 
ence in response between years, data collected during the year of 
establishment should be less satisfactory unless used strictly for 
establishment studies. 

After the second iteration, it was clear that 2 collections, R016 
and L133 did not fit well into any of the selected types. Therefore, a 
third iteration resulted in the retyping of the 2 collections into a 
fifth type. The accuracy of the first subjective grouping when 
compared with that finally delineated by discriminant analysis, 
was 86% correct. 

Confidence intervals for canonical analysis of 14 plant variables 
are graphed in Figure 2. It is assumed that if the confidence limits 
do not overlap, potential ecotypes exist, at least mathematically. 
Since both conditions exist, it must be assumed that an ecocline 
exists among members of Types Band E. All other types appeared 
discrete. The types are on the Texas Collection Site and Type Map 
(Fig. 1). 

The final groupings resulting from analysis of plant variables 
were checked using only the environmental variables. Based on this 
final discriminant analysis, all collections fit into the same type 
groups as those set by analysis of plant variables. 

Morphlogical Differences 
The leaf color was bluish-green for all collections from Type A, 

and varied only slightly from a true green for the rest of the state. 
Leaf width extremes were from 13 mm for the Wheeler, WH35 
collection to 24 mm for the Victoria, VI31 collection. Type A 
collections displayed narrow leaves and Type D the widest leaves. 
Leaf length extremes ranged from 52 cm for the Lufkin, LF32 
collection to 107 cm for the VI31, Victoria collection. Type D 
collections had the longest leaves. Stigma color was consistently 
green for the Type C collections and consistently maroon for the 
Type D collections. A number of collections in the other types had 
an intermediate stigma color. Number of flowering culms per plant 
was erratic even within collection replicates. However, number of 
lateral flowering branches per culm was more consistent. Total 
forage production, exclusive of flowering culms, ranged from 147 g 
per plant for Sulfur Springs, SS25, to 1,738 g per plant for BA29, 
Baird. Crude protein ranged from 9.3% for Sulfur Springs, SS25, 
to 15.790 for the GAlO, Gatesville collection. Baird, BA29 colle.c- 
tion scored 14.5% crude protein for the second high average and 
highest for forage production average. SS25, Sulfur Springs had 
the low average for both. The carotene content varied within 
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Fig. 2. Confidence intervolJ/or cono&lan&.ris of llpkmt variabiles of 
eastern gamagrass ecotypes collected in Texas and southern Oklahoma. 
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Tabls 1. Yield, entdc protein, urotene, and chlorophyll a and b for eastern gunagrass eeotypa. 

Collection number 
Crude protein Yield Carotene Chlor. a Chlor. b 
(%) (gramslpfant) (mol kg) (mgler) (mgl g) 

BR27 
BR14 
WA28 
CR26 
MA24 
WH35 
MO39 

x 

LF32 10.6 109 
ss25 9.3 187 
GR20 10.2 328 
B019 9.9 248 
WC13 10.5 590 
CL23 13.6 480 

x 10.2 324 

LU37 
PO36 
BA29 
GA10 
SMlS 
SAl2 
HO17 

LEll 
BR22 

51 

VI31 
FA21 
LO34 
BE18 

5 

R016 
LX33 

x 

11.0 
9.7 

10.8 
11.2 
11.6 
11.1 
10.9 
11.0 

13.4 
12.1 
14.5 
15.7 
12.1 
10.9 
13.9 
11.2 

507 
457 
492 
625 
282 
369 
817 

490 

1190 
1140 
1738 
630 

1266 
1584 
463 

1227 
14.0 1441 15.6 
13.1 1238. 13.3 

Type A 
11.8 
10.0 
13.2 
13.2 
12.6 
14.0 
11.3 
12.4 

TypeB 
13.0 
11.8 
15.6 
12.2 
16.0 
10.0 
13.6 

TYPC C 
12.0 
14.4 
15.4 
11.8 
13.4 
11.8 
14.0 
12.4 

1.57 
1.22 
1.79 
1.55 
1.81 
1.75 
1.72 
1.65 

1.60 0.57 
1.48 0.49 
1.36 0.43 
1.35 0.47 
1.62 0.52 
1.63 0.59 
1.45 

2.06 
1.92 
1.71 
1.47 
2.08 
1.93 
1.69 
1.84 
1.76 
1.84 

0.55 
0.40 
0.63 
0.57 
0.69 
0.64 
0.63 
0.60 

0.49 

0.78 
0.69 
0.61 
0.50 
0.77 
0.71 
0.57 
0.70 
0.63 
0.67 

TyptD 
10.8 912 16.0 1.92 0.69 
13.6 1532 13.8 1.54 0.57 
13.7 1595 19.0 1.80 0.63 
10.7 543 18.7 1.85 0.66 
12.4 1192 16.7 1.81 0.63 

TwE 
11.2 993 15.0 1.82 0.65 
10.0 995 13.0 1.68 0.59 
10.6 993 14.0 1.75 0.62 

groups; the Type D collections had the highest averages and the 
collections from Type A had the lowest averages. Chlorophyll a 
and b were highest in Type C collections and lowest in collections 
from the Type B area. 

Thii study shows that differences potentially exist among east- 
ern gamagrass populations in Texas and Oklahoma. It would be 
possible to allocate newly discovered populations into the estab- 
lished type groups on the basis of collection site environmental data 
only. Because Types A, B, C, or D all potentially occur in the Waco 
area, use of a morphological key is necessary for that area. The 
needed refinement of type boundaries in the Waco area could 
probably be accomplished with more intense sampling. 

ApieuRuraf Types 

For the Uvalde area, Type C collections are superior to all other 
types for both forage production and protein content. The caro- 
tene content for Type C collections was higher than all types except 
Type D. Within the collections from Type C, BA29, Baird, and 
BR22, Brackettville appear outstanding and worthy of further 
evaluation. They were the highest forage producers in the entire 
study and with the exception of GAlO, Gatesville, had the highest 
protein content. Field evaluation of these collections is recom- 
ended. 

Literature Cited 
Anon, D. 1949. Copper enzymes in isolated chloroplasts. Plant Physiol. 

x1-15. 

A major reason for conducting this study was to isolate poten- 
tially useful selections for improved pastures. Desirable attributes 
for a pasture selection should include relatively high forage pro- 
duction, protein, and carotene (Table 1). This study identifies 
selections most ideally suited for growth on calcareous soils of 
Types C and D areas. Without reciprocal transplants to other type 
areas in Texas, it is difficult to say how well these results would 
apply to these areas. Nevertheless, the variability shown by eco- 
types in productivity, protein content, and carotene content dem- 
onstrates the desirability for testing selections of eastern gamagrass 
before propagating it as a pasture grass in any area. 

Cutler, H.C., and E. Andemon. 1941. Preliminary survey of the genus 
7Wpsacum. Ann. Missouri Bot. Garden. 28:249-269. 

D&l, B.E. 1966. Environmental factors related to medusahcad distribu- 
tion. Unpub. Diss., Univ. Idaho. 

DewaId, C.L., and V.H. Louthan. 1979. Sequential development of shoot 
system components in Eastern gamagrass. J. Range Manage. 32: 147-l 5 1. 

Dixon, WJ. (al.). 1973. BMD Biomedical Computer Programs. Health 
Science Computing Facility, Univ. California, Los Angeles. 

Callrmt, W.C., R.S.K. Clugmti, and F.D. Hager. 1964. ZHpmum as a 
possible amphidiploid of wild maize and Munisuris. Bot. Mus. Lcafl. 
20~289-316. 

GoodwIn, T.W. 19%. Carotenoids. In: K. Peach and M. V. Traccy, 
Methods of Plant Analysis 3:272-3 11. 

JOURNAL OF RANGE MANAGEMENT 38(S). September 1983 867 



Gould, F.W. 1875. The grasses of Texas. Texas plants, a checklist and Randolph, L.F. 1970. Variation among Zhpsucum populations of Mexico 
ecological summary. Texas A&M Univ. Press, College Station. and Guatemala. Brittonia 22:305-337. 

Hiteheoek, A.S. 1951. Manual of the grasses of the United States. U.S. Tratravrtd, R.V. 1971. Multiple character analysis and chromosome stu- 
Govt. Printing Office, Washington, D.C. Revised by A. Chase. dies in the 7hpsacum Ianceolatum complex. Evolution. 25:38-50. 

Polk, D.B., and W.L. Adeoek. 1964. Eastern gamagrass. The Cattleman Wilkes, G.H. 1972. Maize and its wild relatives. Sci. 177:1071-1077. 
50~82-84. 



Herbage Dynamics and Forage Quality of 
Texas Cupgrass (Eriochloa sericea) 
R.B. SHAW AND F.E. SMEINS 

AbStnCt 
Herbage dynamics and forage quality of Texas cupgrass (Eli- 

octi sericea) were monitored during the 1977 and 1978 growing 
seasons on the Edwards Plateau, Texas. This species was dominant 
on a shallow rocky range site wbicb bad been excluded from 
grazing for 30 years. Average herbage production was low (527 
kg/ha), and mulch constituted 85% of the total biomass. Peak live 
standing crop was only 145 kg/ha during the study. Green herbage 
production reflected the ability of this taxon to adjust phenologicai 
stage in response to precipitation. Litterbag studies showed 
decomposition rates of herbage held flat on the soii surface to be 
twice as rapid as herbage held upright in clumps of Texas cupgrass. 
This difference in decomposition illustrated the necessity for her- 
bage removal to prevent dead centers and degradation of the stand. 
Crude protein content of live material averaged 9.8 and 10.7% 
during 1977 and 1978, respectively. Digestible energy of live her- 
bage averaged 2300 kcaI/kg and never went below 2,100 kcal/kg 
during the study. Forage quality parameters also reflected pheno- 
logical stage of development. 

Eriochloa is a member of the Paniceae and is represented by 7 
native species (3 perennials and 4 annuals) within the U.S. (Hitch- 
cock 1951). Only one taxon, Texas cupgrass [E. sericea (Scheele) 
Munro ex Vasey], is abundant enough to be considered an eco- 
nomically important forage plant. Texas cupgrass is a warm- 
season (Cd) perennial bunchgrass (Shaw and Smeins 1981). It 
typically initiates growth in February and flowers by May or June. 
Some plants may form an inflorescence as late as November if 
climatic conditions are ideal. 

The geographic distribution of this species is restricted to Texas, 
Oklahoma, and Coahuila, Mexico. It is normally confined to a 
grassland habitat and occurs in the True, Coastal, and Mixed 
Prairie Grassland Associations of North America. In Texas, it is 
found in the Gulf Coast Prairies, Blackland Prairies, Cross 
Timbers and Prairies, South Texas Plains, Edwards Plateau, and 
Rolling Plains vegetation areas (Gould 1975). As Texas grasslands 
have been overgrazed or converted into cropland and tame pas- 
tures, the abundance of this species has declined. 

Allred (1956) included Texas cupgrass as a climax dominant 
decreaser species in the Shinnery Oaks Savannah postclimax com- 
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munity of the Edwards Plateu, Texas. Dyksterhuis (1946) referred 
to this species as a secondary climax species of lowland sites on the 
Fort Worth Prairie. Collins et al. (1975) described this species as a 
climax dominant on the Blackland Prairies vegetation area of 
Texas, where it approached 25% of the herbaceous composition by 
weight on some Blackland sites. Smeins et al. (1976) found Texas 
cupgrass had an absolute foliar cover in excess of 40% on deep soil 
areas in grazing exclosures on the Edwards Plateau near Sonora. 
Historical data showed that 10 years was required for Texas cup- 
grass to become reestablished following protection from heavy 
continuous grazing. However, it tripled in abundance during the 
second IO-year period of protection (Smeins et al. 1976). 

Taylor et al. (1980) reported Texas cupgrass composed only 
1.5% of the botanical composition of cattle diets on the high 
intensity-low frequency grazing system on the Edwards Plateau. 
Bryant et al. (1979) found the seedheads of this grass constituted 
7% of Spanish goat diets during May at the same study area. The 
primary objectives of this study were to monitor the herbage 
dynamics and determine the forage quality of Texas cupgrass on 
the Edwards Plateau, Texas. 

Study Area and Methods 

This study was conducted at the Texas A&M University Agri- 
cultural Research Station approximately 56 km south of Sonora, 
Sutton Co. The station is located near the western edge of the 
Edwards Plateau vegetation area (Gould 1975). The potential 
vegetation has been described as Oak-Juniper Savannah by 
Kuchler (1964) and the climate is classified as a warm, tropical, 
semiarid steppe with no distinct dry season. Mean temperature is 

Tabk 1. Monthly and total predpitatio~~ (aa) for the long term 8vsrage, 
1977 and 1978 at the Texas A&M Univemity Apicultural Research 
station, Sonora, Sutton co. 

Month Average 1977 1978 
Jatt. 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 

Total 

2.7 
2.6 
2.6. 
4.4 
7.9 
7.6 
5.1 
4.9 
8.0 
5.7 
2.3 
2.8 

56.6 

3.4 
3.9 
4.9 

15.6 
5.2 
8.0 
3.0 
0.8 
1.7 
3.7 
2.5 

0 
52.7 

1.3 
4.0 
0.6 
1.3 
4.3 
8.2 
7.5 

11.1 
Il.0 
4.9 
9.0 
0.9 

64.1 
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highest in July (30°C) and lowest in January (9’C) (Carr 1967). Table 2. Average been1 cover (RC), beeal area per plant @IA/P) end plants 
Mean annual rainfall at the Station is approximately 57 cm (Table per M’ (P/Ma) 01 Texm cupgrase barvested during 1977 and 1978 at tbe 
1). May and September are the wettest months, while November is Texar A&M University Agricultural Reeemch Station, Sonora, Sutton 
the driest. co. 

The specific study site was within a 16-ha pasture that had been 
protected from livestock grazing for 30 years. Wildlife, particularly 
white-tailed deer (Odocoileus virginianus Boddaert), eastern cot- 
tontail rabbits (Sylvilagus Jloridunus Allen), and other small 
mammals had access to the area; however, disturbance by these 
animals was minimal. This site was selected because of: (1) the 
abundance of Texas cupgrass, (2) soil uniformity, and (3) the 
absence of livestock disturbance. 

Soils in the exclosure are Tarrant stony clays (Lithic Haplus- 
tolls), which vary in depth from 1 to 30 cm with large limestone 
fragments over much of the surface (McGinty et al. 1979). The 
substratum consists of fractured and porous limestone. Slopes are 
less than 5%. 

Harvest date 

1977 
Mar. 
Apr. 
May 
Jun. 
Jul. 

9.6b’ 
9.9b 

13.9a 
10.7b 
6.5cd 

BA/P 

(cm*) 

21.6b 
21.6b 
29.9a 
27.7a 
12.6d 

P/M2 

44a 
46b 
46a 
4Oa 
46a 

Aug. 
Sep. 
Ndv. 

Mean 

7.8bc 
8.9b 

17.8c 
28.4a 

44a 
31b 

5.4d 16.2~ 34b 
9.1 22.0 41 

Important interstitial grass species within the cupgrass stands 
are common curlymesquite [Hilariu belungeri (Steud.) Nash], 
sideoats grama [Eoutelouu curripendulu (Michx.) Torr. var. cttrti- 
pendulu], cane bluestem [Bothriochlou burbinodis (Lag.) Heter 
var. burbinodis], and hairy grama (Bourelouu hirsutu Lag.). Dom- 
inant woody plants scattered throughout the site include plateau 
liveoak [ Quercus virginiana Mill. var. fusl~orrnis (Small) Sarg.], 
Vasey shinoak [Q. pungens Liebm. var. vuseyunu (Buckl.) C.H. 
Muller], honey mesquite (Prosopts glandulosu Torr. var. glundu- 
losu), Ashe juniper (Juniperus ushei Buchholz), and redberry 
juniper (J. pinchoti Sudw.). 

1978 
Mar. 
May 
Aug. 
Oct. 

Mean 
Overall Mean 

8.8b 
ll.Oa 
9.7b 
9.3b 

9.7 
9.3 

25.4b 35a 
38.3a 29b 
28.3b 29b 
27.4b 30b 

29.9 31 
24.6 38 

Talues followed by different letters in the same column arc significantly different at 
the 0.05 level. 

Fifteen l/8mZ quadrats were clipped monthly from March to 
November (excluding October) 1977 and in March, May, August, 
and October 1978 to obtain standing crop values for Texas cup- 
grass. Sample quadrats were randomly located along 2 lines 
through dense stands of naturally occurring Texas cupgrass. Each 
cupgrass plant rooted within the quadrat was individually clipped 
5 cm above ground level and the basal area was recorded for each 
plant. Clipped samples were separated into standing green and 
standing mulch components, dried at 60°C for 24 hr and weighed. 

grama (2%), curlymesquite (2%), and purple threeawn (Arisridu 
purpureu Nutt.) (1%) were the most common interstitial species. 
Average basal cover of Texas cupgrass was fairly consistent 
between growing seasons; however, there was considerable varia- 
tion among harvest dates within growing seasons (Table 2). 

Litter decomposition was monitored using the litterbag tech- 
nique (Bocock and Gilbert 1957, Crossley and Hoglund 1962). 
Litterbags were 5 cm* and composed of 2 mm2 mesh fiberglass 
screening. Approximately 5 gm of dried green herbage were placed 
in each bag. On November 21, 1977,2 groups of litterbags with 3 
replications in each group were situated in the field. One group of 
bags was placed flat on the soil surface to simulate decomposition 
of surface litter. The second group of bags was held upright in 
clumps of Texas cupgrass by steel wires in order to simulate 
decomposition of standing litter. Three litterbags (1 /replication) 
from each group were collected 2 1,48,72, 125, 180,228,282, and 
360 days after placement, dried at 80°C for 24 hr and weighed to 
determine weight loss. Decomposition rate was determined using 
the formula of Weigert and Evans (1964). 

Overall average basal area per Texas cupgrass plant clipped was 
24.6 cm* (Table 2). Plants sampled in 1977 tended to be slightly 
smaller in basal area compared to those clipped in 1978. This 
smaller area per plant was due to a large number of seedlings which 
developed during the spring and early summer of 1977. 

Density of Texas cupgrass plants averaged 10 more plants per m2 
in 1977 than in 1978 (Table 2). This higher density in 1977 again is 
the result of seed germination and seedling establishment in the 
spring and early summer of 1977. Conversely, there was little seed 
germination observed in 1978, due primarily to the low precipita- 
tion during the spring and early summer of the second growing 
season (Table 1). 

Herbage Dynamics 

Standing crop samples were used for nitrogen and digestible 
energy determination. Duplicate green and mulch samples from 5 
quadrats from each sample date were ground in a Wiley mill to pass 
a l-mm screen. Total organic nitrogen was determined following 
the micro-Kjeldahl procedure (A.O.A.C. 1970). Crude protein was 
estimated by multiplying total organic nitrogen by 6.25. Digestible 
energy was determined following Van Soest (1970) and Bryant et 
al. (1980). 

Total standing crop of Texas cupgrass was low during the 2-year 
study ( X = 527 kg/ ha). There was significant variation in herbage 
production between the 2 growing seasons with over 143 kg/ha 
more biomass produced in 1978 than in 1977. Mulch (standing 
dead) constituted over 85% of the total standing crop and averaged 
457 kg/ha across the 2 growing seasons (Fig. 1). Significant 
variation in mulch biomass was found between growing seasons as 
well as among harvest dates within growing seasons. Live herbage 
composed 15% of the total standing crop (Fig. 1). Peak live 
herbage production was similar between 1977 and 1978 (approximately 
145 kg/ ha); however, live standing crop for the 12 harvest dates 
averaged only 60 kg/ ha. 

All data were subjected to analysis of variance using the statisti- 
cal analysis system @AS) (Barr et al. 1976). Differences in means 
between years and among harvest dates were evaluated using Dun- 
can’s multiple range test. 

Response of Texas cupgrass to precipitation and the phenological 
plasticity of this species was illustrated by the live standing crop. 
Precipitation was normal in the spring and early summer of 1977 
(Table l), and growth initiation began in late February and early 
March. The steady increase in standing crop in April related to 
maximum herbaceous growth and initiation of flowering culms 
(Fig. 1). Peak herbage production in May corresponded to the full 
flowering of the plants, while the decline in June was the result of 
seed head maturation and death of flowering culms. Subsequent 
decline in green biomass from June to November was a response to 

Results and Discussion 
Stand Characteristics 

Total herbaceous basal cover for all species during the study was 
9.8%. Texas cupgrass contributed 94% of the total, while sideoats 
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Fig. 1. Total, live and dead standing crop (kg/ha) of Texas cupgrass 
herbage during the 1977 and 1978 growing seasoru from a 30-year 
livestockgrasing exckmue, Texas A&M University Agricultural Research 
Station, Sonora, Sutton Co., Texac. 

below-normal precipitation. Some seed germination and seedling 
establishment occurred in the spring of 1977, but seedling survival 
was low as indicated by the decline in plant density from August to 
September 1977 (Table 2). This decline in density corresponded to 
poor moisture conditions throughout the summer of 1977. 

Precipitation was extremely low during the winter and spring of 
1978 (Table I), and growth initiation did not occur until late April. 
Some herbaceous growth and flowering took place in late May of 
the second growing season (Fig. 1); however, full flowering of the 
Texas cupgrass plants did not occur until late August after high 
precipitation in June and July. Above normal precipitation 
throughout the late summer and fall promoted herbaceous growth 
until October. There was no indication of seed germination or 
seedling development in the spring of 1978. This was due primarily 
to the lack of precipitation during the spring. 
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Litter decomposition showed significant differences between 
bags placed upright in clumps of cupgrass and those placed flat on 

Fig. 2. Dwomposition of Texas cupgrass herbage (loss expressed as per- 
cent of original weight) from litterbags at a 30-year livestock grazing 

the soil surface (Fig. 2). Over a W-day period nearly 60% of the exclosure, Texas A&M University Agricultural Research Station, Son- 
cupgrass herbage decomposed in the bags in contact with the soil ora, Sutton Co., Texas. 

Table 3. Average decompoeition Wee of Texee cupgren herbqe ia 
upright and flat litterbqe phced in the field from November 1977 to 
November 1978 et tbe Texu A&M Unlvereity Agrkultuml Raeucb 
!jtdon, SODON, suttoa co. 

Time 
(days) 

Decomposite rate 
(mglglday) 

Upright Fiat 

21 4.11 7.16 
48 2.48 9.29 
72 7.76 8.29 

125 1.71 5.70 , 
180 0.96 0.37 
228 0.37 2.11 
282 0.07 0.56 
360 0.00 0.96 
Mean 2.18 4.38 

surface. Conversely, the bags held upright lost only 25% of the 
original material. Flat litterbags exhibited the characteristic expo- 
nential weight loss curve (Olson 1963, George and Smeins (1982). 
These bags showed a rapid initial decomposition rate for the first 
125 days followed by a slower rate until the end of the study (Table 
3). The upright bags also exhibited exponential weight loss but at a 
lower rate than the flat bags until the 72nd day. The decomposition 
rate then declined until there was no loss from the upright right 
herbage. 

This differential in decomposition was obvious in the Texas 
cupgrass stand. There was little litter on the soil surface between 
the plants; however, there were large amounts of standing dead 
material within the plants (over 85% of the standing crop was 
mulch). This dead material was concentrated in the center of the 
plants, and mulch from at least two previous growing seasons 
could be distinguished. Hyder (1974) found that tillering from 
auxillary buds on the crown can elevate successive tillering crowns, 
which can eventually result in dead centers. This form of tillering, 
which results in new tillers being produced only from the periphery 
of the plant, tends to support older culms. Removal of herbage by 
grazing, burning, or mowing can prevent these dead centers (Hyder 
1974). 

Forage QW 
Crude protein content of green Texas cupgrass herbage aver- 

aged 10.3% during the 2-year study. These levels of crude protein 
meet or surpass the maintenance requirements of a lactating or dry 
pregnant cow (N.R.C. 1976). During 1977 and 1978 crude protein 
averaged 9.8 and 10.790, respectively. Highest protein levels 
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Fig. 3. Crua2 protein m) of live and &ad Texas cupgrass herbage during 
the 1977 and 1978 growing seasons from a 3o-ycCrr livestock grazing 
exclosure, Texas A&M University Agricultural Research Station, Son- 
ora, Sutton Co, Texas. 

occurred in the early spring and late fall of both growing seasons 
(Fig. 3) during periods of cool temperatues and rapid growth. 
Conversely, the lowest levels were found during the peak flowering 
periods. Similar trends in protein levels of herbage on the Edwards 
Plateau have been reported by Vallentine and Young (1959) and 
George (1977). Protein content of standing dead herbage was 
consistently between 3 and 4% for all harvest dates. George (1977) 
has reported the crude protein content of dead curlymesquite 
herbage as high as 6%. 

Average digestible energy of Texas cupgrass green herbage was 
about 2,300 kcal/kg during the 2-year study and did not differ 
significantly between years. Peak digestible energy from green 
herbage occurred in April 1977 and May 1978, while the lowest 
values were in May 1977 and September 1977 (Fig. 4). These values 
corresponded closely to phenological stage of development of the 
plants. Digestible energy of Texas cupgrass surpassed the energy 
maintenance requirements for a dry pregnant cow at all harvest 
dates except in May 1977, September 1977, and November 1978 
(N.R.C. 1976). Only in May 1978 did the energy in Texas cupgrass 
approach the energy required by a lactating cow (Fig. 4). Digestible 

I I I I I I , , , , ( 
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HARVEST DATE 

Fig. 4. Digestible energy (kcallkg) of live Texas cupgrass herbage during 
the I977 and 1978 growing seasons from a 30-year livestock grazing 
exclosure, Texas A&M University Agricultural Research Station, Son- 
ora, Sutton Co., Texas. 

energy in mulch was consistently between 1,200 and 1,500 kcal/ kg. 

Conclusions 
These data indicate the ability of Texas cupgrass to dominate a 

shallow rocky range site on the Edwards Plateau, Texas. While 
herbage production was less than expected from a climax domi- 
nant species, it can be explained by the poor site and poor health of 
the plants due to “mulching-out.” Smeins et al. (1976) found that 
green herbage production for this species exceeded 4,000 kg/ ha on 
deep soil sites on the Sonora Research Station. The decomposition 
study demonstrated the necessity of herbage removal to correct the 
adverse characteristics which lead to dead centers and periphery 
tillering. The green herbage production illustrated the phenologi- 
cal plasticity and response to precipitation of this species. 

Forage quality of Texas cupgrass during the growing season 
appeared to be good. Crude protein levels tended to be high except 
during the most severe months. Digestible energy for the species, 
while not meeting all the energy requirements of lactating cows, 
easily meets the maintenance requirements for dry pregnant cows 
throughout most of the growing season. Both forage quality 
parameters reflected the phenological stage of development of the 
Texas cupgrass plants during the 2-year study. 
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Viewpoint 

Viewpoint: Soil Boron Guidelines for Reclaimed Western 
Soils 

Boron is both an essential element for higher plants as well as a 
potential plant toxin. Although it is required for all higher plant 
growth, its exact biochemical function within the plant is still 
speculative (Clarkson and Hanson 1980). Regulatory guidcliaes establish maximum allowable boron con- 

centrations for mine reclamation soils and overburden. However, 
these toxic levels are based upon research performed on boron- 
sensitive crop species and not native plants that are naturally 
adapted to harsh conditions. Modlflcations of boron guideline 
parameters and laboratory analyses procedures as well as consid- 
eration of other soil interactions are suggested. A need for perti- 
nent boron reclamation research is demonstrated. 

Plant available B is considerably less than “total”B and occurs in 
the soil as boric acid at neutral pH. In this form B is used as an 
essential micronutrient (Weast 1974, Clarkson and Hanson 1980). 
However, only upon reaching a species specific threshold concen- 
tration of plant available B do toxicity symptoms occur. 
Boron Concentrations and Soil Inter&ions 

Most soils, depending on their origins, contain a total B content 
ranging from 20 to 200 mg/liter (Berger 1965). Higher or lower 
levels are generally rare. Differences in B concentrations are due 
partially to varying parent materials on which the soils were 
formed but primarily to the soil types which reflect the differing 
climatic zones and geographic regions, i.e., podzols of Bielorussia, 
eutrophic peaty soils of Israel, etc. (Aubert and Pinta 1977). 

Introduction/Regulatory Requirements 
Reclamation activities remain a high priority for all western 

surface mining operations. Annually, thousands of hectares are 
re-graded, topsoiled and seeded in order to establish productive 
wildlife/rangeland habitat. The dilemma occurs when regulated 
reclamation standards, guidelines, or practices do not consider 
localized field conditions, yet are retained simply because there has 
been insufficient research done to technically support a modifica- 
tion. Both Wyoming (DEQ 1983) and Montana (1983) have estab- 
lished regulatory parameters (pH, conductivity, most heavy metals, 
etc.) and analytical procedures (numerous sampling and extraction 
techniques) for topsoil and overburden analyses. Of particulaar 
concern, for the efficient reclamation of western energy areas, are 
the maximum allowable boron(B) concentr@ions and the require- 
ment to utilize the hot water extraction procedure for determin- 
ing these concentrations. 

Wyoming (DEQ 1983) considers soils “toxic” if hot water 
extractable B levels are present in excess of 5.0 and 8.0 mgjliter in 
topsoil and overburden, respectively. If these concentrations are 
found, Wyoming (DEQ 1982) requires the toxic material be treated 
or buried under 1.2 m of nontoxic material. Montana (1983) limits 
hot water extractable B in both soil and overburden to 5.0 mg/ liter. 
Greater levels must be treated or buried under 2.4 m of nontoxic 
material (Montana 1980). 

Regardless of the regulatory requirements, the questions remain: 
Are these B concentration levels cause for concern when effective 
native plant establishment is desired? Are currently required ana- 
lytical procedures for toxic soils appropriate? Are there sufficient 
data available to develop B standards for the mining/reclamation 
industry? 

To thoroughly answer these questions would necessitate several 
years of greenhouse, laboratory, and/or field research. However, 
several considerations are presented in the following review. 

JAMES N. BECIC Discussion 
Essentiality or Toxicity 

Soils containing relatively high total B levels can be regarded as 
normal for many westen regions when 2 situations are recognized. 
First, vast areas of the West have soils that were derived from 
marine sediments, i.e., the Wyoming Basin (Hunt 1967), and 
naturally contain large amounts of B (sea water contains from 
4.0 to 5.0 mg/liter total B). Secondly, arid and semiarid regions, 
regardless of their soil derivation, generally have higher B con- 
centrations because little leaching has occurred via precipitation 
(Bradford 1966, Aubert and Pinta 1977, Jenkins 1981). 

Several other parameters to consider when evaluating a soil’s B 
toxicity level are the interactions of soil pH, organic matter, and 
calcium (Ca) with B. 

Soil pH and its effects upon plant available B led Aubert and 
Pinta (1977) to make this observation: “In a basic medium, B is in 
the form of compounds less easily soluble. . . (hence less availa- 
ble to the plant). . . than those compounds formed in an acid 
medium.” This finding was also discerned by Richardson (1979) 
and Bradshaw and Chadwick (1980), who concluded that in soils 
where the pH is between 8.0 and83 (similar to many Westen soils), 
B becomes difficult for plants to absorb. 

It was also noted that soils having a low organic matter content, 
compounded by low rainfall, trended toward having less plant- 
available B. This trend was due to decreased biologic action 
(Berger 1965). 

Author is plant ecologist, Kiewit Mining and Engineering Co., 233 Kiewit Plaza, 
Omaha, Nebr. 68131. 

Manuscript rnxivcd August 19, 1983. 

A final, potentially significant interaction is that between Band 
Ca. Soils in question may contain significant amounts of soluble 
Ca. It has been determined that “in higher plants, Ca ameliorates 
toxicities of other metal ions” (Bollard and Butler 1966). The 
presence of Ca in the soil appears to decrease both total and soluble 
B in plants, thereby reducing its toxicity (Stiles 1958, Berger 1965, 
Bradford 1966). 
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Laboratory Analyses 
Boron is not invariably a phytotoxin unless a substantial 

amount (more than is required for normal growth) is both in the 
soil and in a form available to the plant. If laboratory analysis 
indicates a B concentration greater than 5.0 mg/liter, the soil is 
considered toxic (DEQ 1983, Montana 1983). However, the 
required hot water extraction technique represents several times 
the B that is, in fact, available to the plant (L. Francois, US Salinity 
Lab., USDA-Agr. Res. Service, Riverside, Calif., personal com- 
munication). In addition, Klusman et al. (1982), employing several 
different elements and procedures concluded that hot water extrac- 
tion of B did not provide sufficient reproducibility to consider it a 
reliable method to evaluate availability of B. 

Three recent independent laboratory analyses performed on a 
Western mine soil sample support the claim that hot water B 
testing procedures produce erratic and nonreproducible results. 
Conversely, saturation extracts appeared to provide stable and 
reliable results. (Hot water extraction in laboratories 1, 2, and 3 
yielded 12.00, 8.53, and 5.43 mg/liter B, respectively, while the 
saturated paste B yielded 4.10, 4.55, and 4.45 mg/liter). Bingham 
(F. Bingham, Dep. of Soils and Env. Sci. Univ. Calif., Riverside, 
personal communication) and Schuman (G. E. Schuman, High 
Plains Grassland Research Station, USDA-Agr. Research Service, 
Cheyenne, Wyo., personal communication)both indicated that the 
use of a saturation extract methodology is “much better” than the 
hot water soluble technique, when determining plant-available B. 

Biologic Response8 
It is important to realize that even if the substantial problems 

related to soil testing methodology are disregarded, as well as all of 
the potential soil interactions that must have an influence on B’s 
toxicity, it remains that species’ nutrient requirements as well as B 
toxicity levels are not the same. Plants disp1ay.a wide range of 
tolerance to B (Gerloff 1963, Bradford 1966). 

To date, with very few exceptions, the B-related research has 
been conducted utilizing introduced, nonnative, B-sensitive crop 
plants. Studies with agricultural crop species have generally served 
as the basis for regulatory agencies* maximum standard determina- 
tions for B toxicity levels. However, Schuman (personal communi- 
cation) has suggested that for native plants, even 10.0 ppm of B in 
the saturation extract may not become a problem unless the elec- 
trical conductivity of the saturation paste extract exceeds 5 
mmhos/ cm. Greenhouse studies by Schuman (1969), using several 
varieties of tall wheatgrass (Agropyron elongutum) determined 
that water soluble B levels as high as 30.0 to 35.0 mg/liter did not 
cause significant toxicity symptoms or reduced production. Gertli 
et al. (1961), utilizing nutrient solutions, found that “‘even 10.0 ppm 
available B did not bring about a noticeable reduction of growth” 
when 5 turfgrass species were examined. Additionally, both Schu- 
man (1969) and Oertli et al. (1961) observed that higher B levels 
were never detrimental to and often enhanced seed germination. 

Recent research in the United Kingdom has established that hot 
water-extracted B concentrations on pulverized fuel ash (PFA) are 
considered toxic only when levels of 21.0 to 30.0 mg/liter are 
reported (Bradshaw and Chadwick 1980). Similarly, Hodgson and 
Townsend (1973) expect reclamation species to establish on PFA 
even if B concentrations are as high as 30.0 mg/liter. Species 
naturally adapted to saline conditions (i.e., Atriplex spp.) “estab- 
lish very satisfactorily.” 

Working with reclamation species on retorted oil shale in Colo- 
rado, Smith and Lindsay (1982) found that soil B concentrations of 
7.2 mg/liter for alkali sacaton (Sporobolus airoides) and fourwing 
saltbush (Atriplex canescens) and 10.2 and 8.5 mg/liter for tall 
wheatgrass and western wheatgrass (Agropyron smithii), respec- 
tively, would be “most likely not limiting plant growth.” Consider- 
ing the available evidence, it appears that many native range plants 
have evolved under high boron levels and should not be held to the 
same standards as cultivated crops. Indications are that the range 
species, many of which are currently adapted to and growing in 
extremely harsh environments, should do well if used in reclama- 
tion. 
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Conclusions and Recommendations 
1) A need exists for pertinent B research. Currently, portions of 

this work are being conducted by industry to determine answers to 
some of the questions presented in this report. However, sufficient 
data to justify regulatory modifications may require several years. 
In the interim, regulatory agencies need to develop a more flexible 
approach to allow mine reclamation activities to proceed (possibly 
on a site specific experimental basis) without undue delay. 

2) Soil testing requirements need to be modified. The use of 
required hot water soluble methodology does not provide data that 
accurately reflect plant available B, nor is it a method that is 
reliably reproducible. A more appropriate testing procedure would 
be the use of a saturation extract. 

3) Soil B levels should not be viewed as a single element in the 
complex soil regime. Ameliorating interactions of various soil 
properties, i.e., pH, texture, calcium, etc., with B must be exam- 
ined before declaring that a soil has toxic levels of B present. 

4) Application of toxicity standards established for crop plants 
cannot be made “across the board” for native range species. 

5) A thorough study of other state guideline parameters and 
procedures may be warranted, i.e., toxic burial depths, sodium 
adsorption ratios, various other plant toxicity levels, etc. 

Recommendations presented within this report, if implemented, 
should allow for more efficient reclamation of mined lands and 
lead towards quicker reestablishment of productive rangeland/- 
wildlife habitats. 

References Cited 
Aubcrt, H., and M. Pinta. 1977. Trace elements in soils. Elsevier Scientific 

Publ. Co. New York. 
Berger, K. C. 1965. Introductory soils. Macmillan Co., New York. 
Bolhd, E. G., UUI G. W. Butler. 1966. Mineral nutrition of plants. Annu. 

Rev. Plant Phys. 17:77-105. 
Bradford, C. R. 1966. Boron. p. 33-61 In: I-I. D. Chapman (Ed.) Diagnostic 

Criteria for Plants and Soils. Univ. California Div. Agr. Sci., Riverside. 
Brad&~, A. D., and M. J. Ckadwlck. 1980. The restoration of land. Univ. 

California Press, Berkeley. 
Clarkson, D. T., and J. B. Hmson. 1980. The mineral nutrition of higher 

plants. Annu. Rev. Plant Phys. 31:239-298. 
DEQ 1982. Rules and regulations. Wyoming Dep. Env. QuaI.- Land Qual. 

Dep. Env. Qual.-Land Qual. Div., Cheyenne. 
DEQ 1983. Guideline no. I: topsoil and overburden-draft. Wyoming 

Dep. Env. Qual. -Div., Cheyenne. 
Gerloff, C. C. 1963. Comparative mineral nutrition of plants. Annu. Rev. 

Plant Phys. 14: 107-124. 
Hodgson, D. R., and W. N. Townsend. 1973. The amelioration and revege- 

tation of pulverized fuel ash. p. 247-271. In: R. J. Hutnik and G. Davis 
(Eds.) Ecology and Reclamation of Devastated Land. (2 vol.) Gordon 
and Breach, New York. 

Hunt. C. B. 1967. Natural reaions of the United States and Canada. W. H. 
Freeman and Co., San Francisco. 

Jenkins, D.W. 1981. Biological monitoring of toxic trace elements. US 
Env. &otection Agency-&v. Mpn. SystyLab. EP+600/53_@090. 

Klusman, R. W., J. A. Rice, and D. G. Brown. 1982. Chemical baseline 
studies in the Uinta Basin, Utah. Prog. Rep. 1979-1982. Colorado School 
of Mines-Dep. Chem. and Geochem., Golden. 

Montana. 1980. Strip and underground mine reclamation rules and regula- 
tions pursuant to the strip and underground mine reclamation act. 
Montana Dep. State Lands, Helena. 

Montana. 1983. Soil and overburden guidelines--draft. Montana Dep. 
State Lands-Reclamation Div., Helena. 

Oertli, J. J., 0. R. Loot, and V. B. Youngaer. 1961. Boron toxicity in 
several turfgrass species. Agron. J. 53:262-265. 

Riebardson, B. Z. 1979. p. 45-58. In: USDA User Guide to Soils-Mining 
and Reclamation in the West. Gen. Tech. Rep. INT-68. 

&human, G. E. 1969. Boron tolerance of tall wheatgrass. Agron. J. 
61~445-447. 

Smith, P. J., and W. L. Lindq. 1982. Boron toxicity in range plants grown 
on retorted oil shale. Colorado State Univ.-Dep. Agron., Fort Collins. 

Stiles, W. 1958. Essential micro-(tracc) elements. Encyclopedia of Plant 
Phys. 4359-614. 

Weast, R. C. 1974. Handbook of chemistry and physics-54th ed. CRC 
Press, Cleveland, Ohio. 

JOURNAL OF RANGE MANAGEMENT 36(5), September 1963 



TECHNICAL NOTES 

A Multipurpose Inventory Tool 
RICHARD E. FRANCIS, ROGER R.KERRS, AND PATRICK R.DAVEY 

AbSttWt 
A collapsible, graduated multipurpoee rod was designed and 

used in a multiresource inventory. The rod is lightweight and 
variable in length. It can be used to estimate several vegetation and 
soil variabk, measure water depth, or function as an equipment 
support and reference point. The l pproxhnate cost per l-m unit is 
S3.50 and 2 hours labor. 

During the planning stages of a multiresource inventory tech- 
niques research project (Francis 1979), the authors designed and 
built a multipurpose rod to aid in the accomplishment of the 
project goals. The rod described is a modification of other designs 
(Evans and Love 1957, Owensby 1973). This new tool is light- 
weight, compact, durable, extendable, and multipurpose. Also, it 
is inexpensive, with a material cost of $3.50 plus 2 hours labor. 

This rod was used in part as an inclined step-point pin to obtain 
foliar and basal hits on vegetation and soil surface factors. It was 
also used as a vertical support rod for a rated microplot (Morris 
1973) to estimate foliar cover, basal area, density, and the cover of 
soil surface factors. 

Other functions of this rod were to measure herbaceous and 
shrubby plant height; estimate small tree height; measure litter 
depth, soil profile depth, and water depth; and serve as a reference 
scale and chalkboard support for photographic documentation of 
field sample sites. The intent of this paper is to report on the 
construction and possible uses of a multipurpose sampling tool, 
not to report the differences between specific research techniques 
or results. 

Design and Assembly 

Hollow, fiberglass arrow shafts 95 mm (3/84nch) in diameter by 
812.8mm(32inches)inlength wereused.(Fig. 1A). Variablelength 
shafts were made by cementing an internally threaded insert (Fig. 
1 B) and a 2-inch by 8/ 32 machine screw into one end of each shaft 
(Fig. 1C). A threaded insert was cemented into the opposite end of 
each shaft. A pointed metal neck insert was cemented to the end of 
the shafts that touched the ground (Fig. 1D). A waterproof mul- 
tipurpose cement worked satisfactorily. 

One-meter rod segments that had direct contact with the ground 
were divided into centimeter and decimeter increments by using 
different colored paint (Fig. 2). Rod segments extending beyond 1 
m had color-coded decimeter increments. 

Paint was applied to the various increments by dipping taped 
shafts or using a crester. A crester rotates the shaft while a paint 
applicator is held against the shaft. The decimeter or meter incre- 
ments were numbered with permanent ink after the paint dried. 
The shafts were then dipped in lacquer to protect the paint. 

Francis and Kerbs are range scientist and range technician, rcspactivcly. Rocky 
Mountain For& and Range Expcriinent Station. Francis is assigned to the station’s 
Albuquerque laboratory. Central headquarters is at Fort Collins, in cooperation with 
Colorado State University. 

Davcy, former range technician, Rocky Mountain Forest and Range Expcrimcnt 
Station, Fort Collins, Colo., is currently range conservationist, Soil Conservation 
Scrvicc, Meeker, Colo. 
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Application and Discussion 
In addition to using the rod as a step-point, a microplot attach- 

ment was developed for use in conjunction with the rod. The 
microplot was attached to the rod with an arrow shaft clip (Fig. 2). 
The clip allows the microplot to be easily attached, lowered, and 
raised on the rod. Previous step-point pins and microplots were 
permanently attached to supports, thus rendering them useful for 
only one specific purpose. This tool is useful for several inventory 
technique applications. 

Flg.1. Multipurpose inventory rod showing arrow shaft (A), internaRy 
threaded inserts(B),screw(C),andpointed metal tip or neck insert (D). 

By attaching 2 arrow clips to a small chalkboard, the rod 
becomes a scaled support for use in site documentation photo- 
graphy (Fig. 2). Also, the graduated rod can be used to measure soil 
profiles and as a reference in soil profile photos, and to measure 
water depths or to obtain ocular tree height estimates using several 
rod sections. 

The increment paint colors which were the most visible under 
several field conditions were bright blue, fluorescent red, and 
white. Advantages of this rod include its light weight, durability, 
strength, compactness, ability to float, nonwarping construction 
material, variable length, and multifunctional use. With minimum 
care, the rod should last indefinitely. 
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The Feasibility of Microwave Ovens for Drying Plant 
Samples 
MEGEEN C. SMlTH 

Abstract 
chopping was done to render more even moisture evacuation from 
tissues in the heavv culms of the crass olants. With a raoid drvine 

Microwave ovens appear to be a viable alternative to forced nir 
laborstory ovensforobtniningdry weightsforvegetationsnmples. 
Two grass species, Kentucky bluegrass (Pm pratensis) and tall 
fescue (Festuca anmdinacea), were used to determine percent 
moisture loss by weight at 3 weight loadings. The loadings were at 
approximately 50,100, and 200 weights. For the 3 loadings, times 
required to obtain P dried sample were at most 4.5, 7.5, and 11.0 
minute, respectively. The time required for all samples in the 
conventional lab oven was 12 hours. 

Methods 

Two grass samples were clipped and placed in plastic bags for 
transport to the laboratory in early May, 1980. Pooprarensis and 
Fesruco orundinocea were the 2 species chosen to study in the 
Conallis, Ore., area. 

Control samples were weighed and dried in paper bags for 48 
hours. The samples were weighed again and dried for another 24 
hours to include any added moisture losses. 

The test samples were chopped in a standard kitchen blender 
(Hamilton Beach I4-speed) to resemble lawnmower clippings. The 

Author was a senior rangeland reSO”rceS s,Uient at cwcgon state University a1 the 
time of research. 
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process, charring may occur in spits &le other areas are not dried 
at all due to trapped moisture. Chopping alleviates this problem. 

The microwave oven drying treatments were done in a Litton 
Systems 70/42 oven operating at full power. The 50-g samples were 
dried at 30-second intervals until they ceased further weight loss. 
The 100-g samples were treated and weighed at l.O-minute inter- 
vals until the 50-g samples time had elapsed. At this point the 
samples were dried and weighed at 30-second intervals until the 
samples had no further weight loss. Minor charring occurred in 2 
of the 100-g samples. The 200-g samples were treated similarly with 
LO-minute intervals until the 100-g time had elapsed with 30- 
second intervals after that. 

All microwave samples were dried in a Pyrex glass casserole 
dish. 

Results 

It was found in the microwave oven treatments, that increased 
weight loadings required a longer drying time. Table 1 shows the 
per cent moisture content of Poapmtensis at all 3 loadings with a 
comparison of times between the lab oven control samples and 
microwave oven test samples. From the table we see that various 
loading weights require different lengths of drying time in the 
microwave oven. Table Zshowssindlardatafor Festucoamndinacea. 



The Feasibility of Microwave Ovens for Drying Plant 
Samples - 

MECEEN C. SMITH 

Abstrpct 

Microwave ovens l ppe8r to be 8 vi8blc 8Item8tive to forced 8ir 
I8bor8tory ovens for obt8ining dry weights for vegetrtion samples. 
Two gr8ss species, Kentucky bluegr8ss (Pea pratensis) 8nd till 
fescue (Fatucu urundinaceu), were used to determine percent 
moisture lose by yeighbt at 3 weight lo8dings. The lo8dings were al 
8pproxim8tely 50,100, urd 200 weights. For the 3 loadings, times 
rquired to obt8in a dried sample were at most 4.5,7.5, and 11.0 
minutes, respectively. The time rquired for 8U sunples in the 
convention81 18b oven WM 72 hours. 

Methods 
Two grass samples were clipped and placed in plastic bags for 

transport to the laboratory in early May, 1980. Pooprotensis and 
Festuco orundinoceo were the 2 species chosen to study in the 
Corvallis, Ore., area. 

Control samples were weighed and dried in paper bags for 48 
hours. The samples were weighed again and dried for another 24 
hours to include any added moisture losses. 

The test samples were chopped in a standard kitchen blender 
(Hamilton Beach 1Cspeed) to resemble lawnmower clippings. The 

Author was a senior rangeland resources student BI Oregon State University at the 
time of research. 

Unfunded research done as a student research project. 
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chopping was done to render more even moisture evacuation from 
tissues in the heavy culms of the grass plants. With a rapid drying 
process, charring may occur in spots while other areas are not dried 
at all due to trapped moisture. Chopping alleviates this problem. 

The microwave oven drying treatments were done in a Litton 
Systems 70/ 42 oven operating at full power. The 50-g samples were 
dried at 30-second intervals until they ceased further weight loss. 
The 100-g samples were treated and weighed at l.O-minute inter- 
vals until the 50-g samples time had elapsed.‘ At this point the 
samples were dried and weighed at 30-second intervals until the 
samples had no further weight loss. Minor charring occurred in 2 
of the 100-g samples. The 200-g samples were treated similarly with 
l.O-minute intervals until the 100-g time had elapsed with 30- 
second intervals after that. 

All microwave samples were dried in a Pyrex glass casserole 
dish. 

Results 
It was found in the microwave oven treatments, that increased 

weight loadings required a longer drying time. Table 1 shows the 
per cent moisture content of Pooprotensis at all 3 loadings with a 
comparison of times between the lab oven control samples and 
microwave oven test samples. From the table we see that various 
loading weights require different lengths of drying time in the 
microwave oven. Table 2 shows similar data for Festucoorundinoceo. 
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Tabk 1. Time and wei@ loading chart for oven dried control end mk- 
rowwe oven drkd tat with per cent mokture content. (porrpmt~) 
Keotuckybl~. 

Per cent moisture content 
Weight loadings Oven-dried Microwave oven-dried 
(approx.) control test 

5Og 85.9’ 82.4 (4.0 min.) 
100 8 85.1’ 84.0 (7.0 min.) 
2OOg 83.9. 83.6 (11.0 min.) 

average 84.96% 83.33% 

Table 2. Time and wei@ loadiq chut for oven drkd control and 
microwave oven drkd teet wltb per cent mokture content. (Festuca 
-) tell feJclle. 

Per cent moisture content 
Weight loadings Oven-dried Microwave oven-dried 
(approx.) control test 

50 g 82.4’ 82.0 (4.5 min.) 
1OOg 84.4+ 81.2 (7.5 min) 
2OOg 84.5’ 83.2 (11.0 min.) 

average 83.77% 82.17% 

l . ..Samplcs dried for 72 hours (4320 minutes). 

Figure 1 is a Moisture Loss by Weight Curve for Pouprarensis. 
The 5 l-g sample of Poa prurensis reached the conventional oven 
dry weight in 40 minutes, while the 100-g and 200-g samples 
required 7.0 and 11.0 minutes respectively to reach the same level 
of moisture withdrawal (Fig. 1). 

In Figure 2 similar data appear for Fesruca urundinuceu. In the 
Moisture Loss by Weight Curve, the SO-gram sample required 4.5 
minutes to reachconventional oven dry weight, while the lOl-gand 
203-g samples required 7.5 and 11.0 minutes respectively. 

Conclusions 

The time efficiency for microwave oven drying is substantial. A 
comparison of 11.0 minutes and 72 hours (4320 minutes) may be 
very time and cost effective. 

Lawnmower clippings collected in a catcher bag may prove to be 
usable without further chopping for pasture analysis. 

In a small laboratory operation, a microwave oven could be a 
multiple purpose appliance for drying vegetative and soil samples. 

Microwave ovens are portable and may be stored when not in 
use if space is limited. They can also be put on rolling carts and 
moved from one lab to another if the need arises. 

Microwave ovens may be purchased at appliance centers for 
$200.00 to $800.00. Laboratory ovens, like most lab equipment, 
are very expensive, with an estimated replacement cost of $7,000.00 
for the oven used in this study. 

Microwave ovens run on standard 110 current, while large lab 
ovens require special wiring for greater currents. It would be 
possible to design a portable laboratory with a power plant for 
mobile field labs equipped with blender, microwave oven, scales, 
etc. With the availability of rapid results, same-day analysis could 
be a real bonus in range management practices. 

It should be mentioned that the question of using this method for 
nutrient analysis and forage quality has not been answered yet. 
Care should also be taken when using this method for drying 
samples. Overdrying and charring can occur if samples are not 
carefully monitored. Fire is a risk, and as with all laboratory 
methods, caution is necessary. 
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BOOK REVIEWS 

Sheep and Goat Production. Edited by I.E. Coop. 1982. 
Elsevier Science Publishing Co., Inc. 52 Vanderbilt Ave., 
New York, N.Y. 10017. 492 p. $132.50. 
This book is one in a series of “World Animal Science.” When 

completed, the series will contain 34 volumes covering the entire 
range of technical knowledge available in animal science on a 
world-wide basis. 

This addition to the series is a most complete and up-to-date 
book. It covers all aspects of sheep and goat production on a very 
technical yet practical basis. The book is well organized into three 
main sections. The first section deals with the various production 
disciplines, including breeding, reproduction, nutrition, preg- 
nancy, lactation, nutritional diseases, infectious diseases, internal 
parasites, and external parasites. 

The second section describes and discusses indetail the products 
produced by sheep and goats and the marketing of these products. 
Specific chapters deal with wool and mohairtechnology, wooland 
mohair grading, carcass and meat qualities, livestock and meat 
marketing and grading, and milk production in sheep and goats. 

The final section is very unique, dealing with the various produc- 
tion systems commonly utilized throughout the world. Nine sys- 
tems are described, ranging from very extensive grazing to very 
intensive systems. Also included are descriptions of nomadic, vil- 
lage and smallholder, migratory and government controlled sys- 
tems of production. This section would be of particular benefit to 
readers involved in international sheep and goat work. Social and 
economic constraints to efficient production are defined, making it 
much easier for the reader to understand the limitations for change 
and reasoning for the various production systems. 

There were 28 authors contributing to the text from a world wide 
geographical area; each author is an acknowledged subject matter 
expert. “Authors were asked to include references to goats, but the 
amounts of research, and the available literature, recorded data, 
knowledge and experience concerning goats are much less than 
that concerning sheep, due firstly to relative numbers and eco- 
nomic importance, but more importantly to the fact that sheep 
predominate in the developed world and goats in the underdeve- 
loped world.” Nevertheless, this book does present an up to date 
coverage of goat production. 

This book will be of special interest to those in sheep and goat 
research, extension specialists, and graduate students. Sheep and 
goat producers will also find the sections on production to be most 
helpful. 

Each chapter concludes with a selective listing of references, and 
an I(-page subject matter index facilitates the use of the book.- 
James M. Sachse, Las Cruces, New Mexico. 

&ef Production: Science and Economics, Application and 
Reality. By David P. Price. 1981. Southwest Scientific 
Publishing Co., P.O. Box 10, Dalhart, Texas 79022.357 p. 
$32.00. 
Leading with, “The ultimate purpose has been to supply practi- 

cal, useful information to those wanting to learn to manage beef 

678 

cattle operations efficiently, the book being aimed primarily at 
undergraduate students and producers actually in the business”- 
the author has set forth a volume of interesting and useful informa- 
tion that catches and holds the attention of the reader. 

Following the introduction that is packed with short, to-the- 
point facts of beef and the cholesteral scare, the residue scare, and 
the export potential for beef, Dr. Price offers guidance on every- 
day problems and opportunities found in the beef production 
industry. 

The author’s professional experience as a beef cattle nutritionist 
working in the three major segments of the cattle industry: stocker- 
steer, mother+ow, and feedlot, is the basis for the 15 chapters 
arranged in such a way that the reader may use the volume as a 
reference book; there are separate sections on different types of 
beef production. 

Under the chapter entitled, “Western Cow-Calf Ranching,” Dr. 
Price describes the importance of range management, the effects of 
overgrazing, plant succession, restoration of overgrazed range- 
lands, and rangeland grazing systems. For extremely technical 
sections such as, “Special Topics in Economics and Accounting,” 
the author has called upon Tommy Beall, Economic Research 
Director for Cattle Fax (National Cattlemen’s Association). Tho- 
mas D. price,,a reproductive physiologist with American Breeder’s 
Service, contributed the “Technical Guidelines for Calving Assist- 
ance and Management Practices as an Aid in Reducing Dystocia.” 

In addition to the 15 chapters, the author has included appendi- 
ces with numerous tables displaying nutrient composition of feed- 
stuffs, and nutrient requirement for steers and heifers, cows and 
bulls. Also, there is statistical data dealing with cattle on farms and 
ranches by states, total meat production, value of meat consump- 
tion, and beef and veal export by country. 

This book should be recommended reading for managers within 
the industry as well as all land managers (private, state, federal) 
who have responsibility for management schemes that include beef 
production as part of the overall goal. 

The book is a good investment of the reader’s time and money.- 
Jeanne W. Edwards, North Fork, Nevada. 

Mires: Swamp, Bog, Fen and Moor. &osystems of the 
World 4A). Edited by A.J.P. Gore. 1983. Elsevier Sci- 
entific Publishing Co., 52 Vanderbilt Ave., New York, 
N.Y. 10017. 438 p. $161.75. 
The term mire includes those ecosystems commonly called bogs, 

fens, moors, (reed) swamps, muskegs, and peatlands. Included in 
this definition are only those systems that are peat-forming. Thus, 
it unfortunately does not cover many of the freshwater wetlands or 
marshes of the United States, including the prairie pothole region, 
the large marshes of the upper Midwest nor the forested swamp- 
lands of the Southeast. Therefore, this volume on the world 
ecosystems loses much of its readership appeal to the U.S. The 
book intends to examine the linkages between these mires- 
predominantly bogs and fens-and variables such as climate, 
water, soils, plants and animals; much of this is done in a descrip- 
tive format. 
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The text starts out by defining the terms and discussing classifi- 
cation systems. It does not cover the wetland classification system 
so laboriously designed by the U.S. Fish and Wildlife Service and 
in use. by all the federal agencies. It is unevenly weighted in that 2 of 
the I1 chapters make up two-fifths of the book proper (hydrology 
and peat). However, this may in fact be justified in part because as 
the hydrology goes, so goes the wetland. The hydrology section 
presents a good discussion of the complexities in computing fluxes 
including the recharge and discharge potential. The statements 
that mires are not better ground water storage areas, water reser- 
voirs, or regulators of river flow than similar areas of bare soil are 
sure to be viewed controversially. The section on soil chemistry is 
excellent albeit too concise. The chapter on root survival, while 
good, is at a level of resolution (physiological) finer than the 
general overview nature of this volume. Throughout this book is 
the inclusion of other wetland types needed as examples and data 
sources e.g., chapters on primary production and wetland change. 
This indicates that perhaps the editors of this series were a bit too 
narrow in their object of including only mires, especially with the 
obvious neglect of much of the North American literature on fens 
and bogs. Because of this neglect pertinent references are missing 
on microbial interaction and animal population dynamics, espe- 
cially pertaining to migratory waterfowl and ungulate grazers. For 
these reasons and because of the exhorbitant price, you might want 
to make sure this volume is missing from your personal bookshelf 
and rely on borrowing it from the local library.--Jeffrey M. Klo- 
Patek, Tempe, Arizona. 

The Northern Yellowstone Elk: Ecology and Management. 
By Douglas B. Houston. 1982. MacMillan Publishing 
Co., Inc. 866 Third Avenue, New York, N.Y. 10022.474 
p. $48.00. 
In 1969, Yellowstone National Park embarked on a manage- 

ment experiment to test the hypothesis”...that vegetation-ungulate 
equilibria appropriate to the park were possible without cropping 
ungulates in the park.” This book reports the resultsof that experi- 
ment during the 10 years that Dr. Houston was employed by the 
National Park Service in Yellowstone. 

Readers who disagree with the basic thesis of this book should be 
impressed with the sheer volume of data presented and the remark- 
able lack of obvious typographical errors. The book is organized 
into 12 chapters followed by more than 200 pages in 10 appendixes. 
Most of the chapters include a lead paragraph describing chapter 
content, a section devoted to data presentationdiscussion, and a 

concluding section in which the author summarizes his interpreta- 
tion of the data. This organization will be extremely helpful to 
readers who might otherwise feel overwhelmed by the array of data 
compilations and analyses. It should also silence critics who might 
otherwise accuse the author of attempting to obscure a controver- 
sial thesis behind a smokescreen of statistics and tabulations. 

Unfortunately, Houston does not provide the reader with a real 
appreciation of the emotional and political turmoil that has swirled 
around the northern herd during the past 30 years. He does not 
mention the public outcry when more than 4000 elk were killed in 
1962, nor the 1963 Leopold report on wildlife problems in national 
parks, nor the Congressional hearing in 1968. Such information is 
not essential to the report, but it does provide perspective for both 
the moratorium on reductions implemented in 1969 and the devel- 
opment of the hypothesis that led to this study. 

The author proposes that the test hypothesis can be supported if: 
(Ch.3) the valleys of the Yellowstone and Lamar Rivers were 
historical winter ranges, and the reported eruption and crash of the 
elk population (1910-1920) did not occur; (Ch. 4) a substantial 
proportion of the herd winters inside the park, but some propor- 
tion does move outside and can be cropped by public hunting; (Ch. 
S-7) there are one or more density-dependent negative-feedback 
controls on populations size; (Ch. 8-9) progressive range deteriora- 
tion is not occurring within the park; (Ch. 10) interspecific compe- 
tition with other ungulates is not of a nature requiring management 
action; and (Ch. 1 I) the large ungulates would be resource-limited 
even if more large predators were present in the park. 

In each chapter, Houston isable to develop a reasonable case for 
the hypothesis. He concludes, “As of September 1980, the data 
available do not indicate that reductions of elk. . . are necessary in 
the park to alter the present equilibria.” Data for the winters of 
1974-1979 appear to support this conclusion and suggest that 
equilibrium should occur with 12,000-14,000 elk. This number is 
also suggested in the discussion of carrying capacity. 

Even the most violent critics of park policy agree that the north- 
ern herd cannot increase idefinitely. Regulation will occur- 
whether by subtle increases in juvenile mortality and age of female 
elk at sexual maturity, or by less subtle increases in winter mortal- 
ity. The difficult question, posed on p. 134, is”. . . how great a biotic 
effect should be . . . and how should these conditions be distin- 
guished from more intense effects heralding the destablization of a 
grazing system . . .?“. In the few years since this book was com- 
pleted, the northern herd has grown to 16,000 animals. It is possi- 
ble that the experiment is not yet complete.--l. Jack Lyon, 

Missoula, Montana. 
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